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CORYNEBACTERiml GLUTAM1CUM GENES ENCODING PROTEINS 
Zo^» ™ CARBON METABOLISM AND ENERGY PRODOCT.ON 
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nuc „ , Their production is most 

compounds, vitamins - "^J^ to produce 

conveniently perfonned through the ^e-scalecul ^ particularly useful 

and secrete large quantities of one or more desired ™^ °" * 

• w this ouroose is Corynebacterium glutanucum, a gram pos.tive, 
10 organism for this purpose y mut ant strains have 

^ for ft. producdon of. V***- «*— - * — — — • 



difficult process. 
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s „ -ynf the Invention m „ lecu ies which have a 

^r^vTdes novel bacterial nucleic acid molecules whi 

variety of uses. These uses include the identification of ^ ~ ^ 

oacteria, as reference ^^tl^--. — ^ » — 

transformation. These novel nucleic acta moiw. 

. « „ rtfn variety of fine chemicals, and also for the 
industry for the large-scale production of a vanety fine 

degradation of hydrocarbons (such as in p^nta^^**" 
teZoids. The SMP nucleic acid molecules of the _ - * 
identify microorganisms which can be used to produce <£^*£ ^ rf ^ 

t.ti rt n orocesses Modulation of the expression of the SMP nucleic acias 
fermentation processes, moou. mo lecules of the 

invention, or modification of the sequence of the SMP nuclei a 
invention, can be used to modulate the production of one or more fine chemi 
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microorganism (e.*, to improve the yield or production of one or more fine chemicals 
from a Corynebacterium or Brevibacterium species). 

The SMP nucleic acids of the invention may also be used to identify an organism 
as being Corynebacterium glutamicum or a close relative thereof, or to identify the 

5 presence of Cs^a/nic^ 

microorganisms. The invention provides the nucleic acid sequences of a number of C. 
glutamicum genes; by probing the extracted genomic DNA of a culture of a unique or 
mixed population of microorganisms under stringent conditions with a probe spanning a 
region of a C. glutamicum gene which is unique to this organism, one can ascertain 
whether this organism is present. Although Corynebacterium glutamicum itself .s 
nonpathogenic, it is related to species pathogenic in humans, such as Corynebacterium 
diphtheriae (the causative agent of diphtheria); the detection of such organisms is of 

significant clinical relevance. 

The SMP nucleic acid molecules of the invention may also serve as reference 
points for mapping of the C. glutamicum genome, or of genomes of related organisms. 
Similarly, these molecules, or variants or portions thereof, may serve as markers for 
genetically engineered Corynebacterium or Brevibacterium speces. 

The SMP proteins encoded by the novel nucleic acid molecules of the invention 
are capable of, for example, performing a function involved in the metabolism of carbon 
compounds such as sugars or in the generation of energy molecules by processes such as 
oxidative phosphorylation in Corynebacterium glutamicum. Given the availability of 
cloning vectors for use in Corynebacterium glutamicum, such as those disclosed » 
Sinskey et al., U.S. Patent No. 4,649,1 19, and techniques for genetic manipulation of C 
glutamicum and the related Brevibacterium species (e.g., lactofermentum) (Yoshihama 
etalJ Bacterial. 162: 591-597 (1985); Katsumata et aL,J. Bacterial. 159: 306-3 1 
(,9 M );andSantamariaer«/.,y. Gen. Microbiol. 130: 2237-2246 (1984)), the nucleic 
acid molecules of the invention may be utilized in the genetic engineenng of this 
organism to make it a better or more efficient producer of one or mote fine chemicals. 
This improved production or efficiency of production of a fine chemical may be due tt> a 
30 direct effect of manipulation of a gene of the invention, or it may be due to an indirect 
effect of such manipulation. 
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There are a number of m ech»i»nsb, -hid. ft. alter***, of an ^ I"** " 
/TrectW affect the yield, production, and/or efficiency .f produeoon 
ft. invention «, ^ c ^L Jain i-Korpor^ such - altered protein. 

The degradation of high energy c . . inc high energy phosphate 

u MAnH and FADHi to compounds containing nign enci^jr F 

«; compounds such as NADM ano rm/n 2 ^ 

themselves may - a— *■ - ^^"^"^ - A«, 
number of intern,^ ^^^DP^lce- by ft- — * 

,0 p«hv„„ - ^^l*-*- ^n, include «v», biosynfte*. 

energetically unfavorable. Such unfavoraw ..j,,,^ 

^ ft. «n. chemic*.. By '^^^^il. de^on 
«p. . by manipuUting ft. gen* ending ^ „ 

and conversion of thM sugar into energy for the cell), on. may increase 
„ e^ available to permit unfavorable, y« — — — — *" 

enuresis of a desire, fU« -^^T pf ^ invCTnon „s„ msul, in 
The mutagenesis of one or more SMr genes 

k „ B altered activities which indirectly impact the production of one or 
SUP proteins having altered activioes . mcre asing the 

_ desired fine chenti-ls — C *'«^^^on of ft. sugar to 
20 efficiency of u».iz*io» of one or mot. sug«s <^ h £^° of convemion of 
use»U energy molecule, is improve or by .ncr^smg i ft. °<*™*™ 
educing equivalents to useful energy molecule (..*, b, improving ft. efficmi y 
reducing equ. „ T >iie activity of the ATP synthase), one cwi increase the 

oxidative phosphorylauon, o, the activity ^ 

«^-* * V "" bte "tdetelttruction of ce.. wa„, 
25 unf.vo»b.emetit ta UcpnK««s. These pnxess»mc.u4e^^»- 

i +• « ««H the biosynthesis of compounds necessary ior ^ 
transcription, translation, and the biosymnc* t~ _ . r^eneeler ef a/. 

, . acids vitamins, lipids, etc.) (L-engcwa 

division of the cells (e.g. . nucleotides, amino acids, vitam . P 

(1999) Biology of Prokaryotes, Thieme Verlag: Stuttgart, p. 88-109. 913 918. 8 
rZ^e growth and multiplication of these engineered cells, a . P— 

TZthe vTbility of the cells in large-scale culture, and also to -prove their 
30 increase both the viabiury oi u*= ive in fermentor 

rate of division, such that a relatively larger number of cells — * least 

culture. The yield, production, or efficiency of production may be increased, 
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5 C the nun.be, of degn^n produc* » «» ceH fo, — "™ 

^.ta*. SMP ^, which at. cp*l« of, for exempt perfon™* 
d involved u. the of c**on c^pou^ds such . sug» -4 - 

mncuon m ^M^vc ohosuhorylation in 
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function involved in ine mcuiw»^» v . . - 

, whvnrocesses such as oxidative phosphorylation m 
generation of energy molecules by processes sue 

- - w,«.|<«c acid molecules encoding an SMP protein are 
Corynebacterium glutamu^n. Nuc.e.c m cmbodi ment, the SMP 

referred to herein as SMP nucleic acid molecules. In a preferred emixxum 
^participates in the conversion of carhon molecules and degradanon p^ 
Lreof to energy which is utilized by the cell for me»bolic passes. Examples 
such proteins include those encoded by the genes set forth in Table . 
sucn pro« invent i on pertains to isolated nucleic acid 

Accordingly, one aspect of Uie invention puuuu* 
. T r 1a, DNAs or RNAs) comprising a nucleotide sequence encoding 
molecules (e.g.» cDNAs, DNAs, or KM , ^ ^ u ^ nucleic acid fragments 

an SMP protein or biologically active portions thereof, as wen as 

an w pro ^ „ Qt ^ n n mhes for the detection or amplification of SMP- 
suitable as primers or hybridization probes tor mc nt _ 

S p mRNAi In particularly preferred embodiments, 

encoding nucleic acid (e.g.. DNA or mRNA). P folth „ 

the isolated nucleic acid molecule comprises one of the 
me odd-numbered SEQ ID NOs in the Sequence Lisang SEQ ID 

SEQ ID NO:5, SEQ ID NO:7. ...), or the coding region or a complement ££f 
To!; of Le nucleotide sequences. In o*er particu^ 
^ednucleicacidmolecu,^ 

hybridizes to or is at least about 50%, *^ b * * ^ 95%> 97 %, 

least about 70%, 80% or 90%, and even more preferably least . d _ numbcxcd 

SEQ ID NO in the ^^'^^^ OTboaime «, * 
, SEQ ID NO:7. ...).«. poruon h ^ s^uenees set <6«h - » — 

nueieie .cid molecule encode, — of*. s£Q 
„umb«ed SEQ ID NO in the Seoue.ce Lumng <«.*. SEQ ID NO. A 
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n> NO* SEQ ID NO* ...) . H- P"^ *" 
—feebly possess at least on. of the SMP activities describe hemn. 

5 !Lh i. sufficient KomoK^ns an amino acid sequence of «. utv«n«on (..*. 

. j cpn in NO- in the Sequence Listing), e.g., 
oeauence having an even-numbered Sbl^ iv wv. ^ 

sequence naving of the invention such that the protein 

sufficiently homologous to an amino acid sequence ot 

or portion thereof maintains an SMP activity. Preferably, the protein or 
enled by the nucleic acid molecule maintains the ability to perform a function 
10 Jvotvedmmemetabolismofcarboncompou^ 

ovules (e* ATP) by processes such as oxidative phosphorylation in 
energy molecules (e.g. , A r ) y P cncod ed by the nucleic 

rorv^ac/*"™ g/u^micum. In one embodiment, the protein encoa y 
CorV , _ t , no/ nreferab W at least about 60%, and more preferably 

acid molecule is at least about 50%, preferably at leasi 

at least about 70%, 80%, or 90% and most preferably at least about 95%, 96/« 97/o, 
at least aooui /wo, _ of the invention (e.g. , an 

1 5 98%, or 99% or more homologous to an amino acid sequence of 

entire amino acid sequence selected those having an even-numbered SEQ D NO m the 
Sequence Listing). In another preferred embodiment, the protein is a Ml ^ 
JL— P«*e.n which is substantial homologous to an entire amino acid „ 
ti invenL (encoded by an open reading frame show, in 

20 numbered SEQ ID NOs in the Sequence Listing (,,, SEQ ID NO:l, SEQ ID NO.3, 
otto m NO'5 SEQ ID NO:7....)- . ^ . . 

.„ cmP fusion protein) which includes 
- m r rfutamicum and encodes a protein (e.g., an SMr rusion y 

from C glutamtcum homologous to one of 

a biologically active domain which is at least about ^ even . numb ered 
25 the amino acid sequences of the invention a sequence of ~«~££L». 
SEQ ID NOs in the Sequence Listing) and is able to perform a function involved u. the 
S :ZZL of carbTlmpounds such as sugars or the genera*on 

<e. g ,^^^^ 

tMonotx o« ™ more of the actmaes set forth »> Table 1. 
thtdes h«»ol..o«, nuefcic acid sequences encodin, . po.ypep.de 
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In another embodiment, the isolated nucleic acid molecule is at least 15 
nucleotides in length and hybridizes under stringent conditions to a nucleic acid 
molecule comprising a nucleotide sequence of the invention (e.g.. a sequence of an odd- 
numbered SEQ ID NO in the Sequence Listing) A. Preferably, the isolated nucleic acid 
5 molecule corresponds to a naturally-occurring nucleic acid molecule. More preferably, 
the isolated nucleic acid encodes a naturally^curring C. glutamicum SMP protein, or a 

biologically active portion thereof. 

Another aspect of the invention pertains to vectors, e.g., recombinant expression 
vectors, containing the nucleic acid molecules of the invention, and host cells into which 
10 such vectors have been introduced. In one embodiment, such a host cell is used to 
produce an SMP protein by culturing the host cell in a suitable medium. The SMP 
protein can be then isolated from the medium or the host cell. 

Yet another aspect of the invention pertains to a genetically altered 
microorganism in which an SMP gene has been introduced or altered. In one 
15 embodiment, the genome of the microorganism has been altered by introduction of a 
nucleic acid molecule of the invention encoding wild-type or mutated SMP sequence as 
a transgene. In another embodiment, an endogenous SMP gene within the genome of 
the microorganism has been altered, e.g , functionally disrupted, by homologous 
recombination with an altered SMP gene. In another embodiment, an endogenous or 
20 introduced SMP gene in a microorganism has been altered by one or more point 

mutations, deletions, or inversions, but still encodes a functional SMP protein. In st.ll 
another embodiment, one or more of the regulatory regions (e.*., a promoter, repressor, 
or inducer) of an SMP gene in a microorganism has been altered {e.g. , by deletion, 
truncation, inversion, or point mutation) such that the expression of the SMP gene is 
25 modulated. In a preferred embodiment, the microorganism belongs to the genus 
Corynebacterium or Brevibacterium, with Corynebacterium glutamicum being 
particularly preferred. In a preferred embodiment, the microorganism is also utihzed for 
the production of a desired compound, such as an amino acid, with lysine being 
particularly preferred. 

30 In another aspect, the invention provides a method of identifying the presence or 

activity of Comyebacterium diphtheriae in a subject. This method includes detection of 
one or more of the nucleic acid or amino acid sequences of the invention (e.g., the 
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sequences set forth in the Sequence Listing as SEQ ID NOs 1 through 782) in a subject, 
thereby detecting the presence or activity of Corynebacterium diphtheriae in the subject. 

Still another aspect of the invention pertains to an isolated SMP protein or a 
portion, e g. , a biologically active portion, thereof. In a preferred embodiment, the 
5 isolated SMP protein or portion thereof is capable of performing a function involved in 
the metabolism of carbon compounds such as sugars or in the generation of energy 
molecules {e.g., ATP) by processes such as oxidative phosphorylation in 
Corynebacterium glut am, cum. In another preferred embodiment, the isolated SMP 
protein or portion thereof is sufficiently homologous to an amino acid sequence of the 
10 invention {e.g., a sequence of an even-numbered SEQ ID NO: in the Sequence Listing) 
such that the protein or portion thereof maintains the ability to perform a function 
involved in the metabolism of carbon compounds such as sugars or in the generation of 
energy molecules {e.g. , ATP) by processes such as oxidative phosphorylation in 

Corynebacterium glutamicum. 
15 The invention also provides an isolated preparation of an SMP protein. In 

preferred embodiments, the SMP protein comprises an amino acid sequence of the 
invention {e.g., a sequence of an even-numbered SEQ ID NO: of the Sequence Listing). 
In another preferred embodiment, the invention pertains to an isolated full length protem 
which is substantially homologous to an entire amino acid sequence of the invenhon 
20 {eg. a sequence of an even-numbered SEQ ID NO: of the Sequence Listing) (encoded 
by an open reading frame set forth in a corresponding odd-numbered SEQ ID NO: of the 
Sequence Listing). In yet another embodiment, the protein is at least about 50%, 
preferably at least about 60%, and more preferably at least about 70%, 80%, or 90%, 
and most preferably at least about 95%, 96%, 97%, 98%, or 99% or more homologous 
25 to an entire amino acid sequence of the invention {e.g., a sequence of an even-numbered 
SEQ ID NO: of the Sequence Listing). In other embodiments, the isolated SMP protein 
comprises an amino acid sequence which is at least about 50% or more homologous to 
one of the amino acid sequences of the invention {e.g., a sequence of an even-numbered 
SEQ ID NO: of the Sequence Listing) and is able to perform a function involved in the 
30 metabolism of carbon compounds such as sugars or in the generation of energy 
molecules {e.g., ATP) by processes such as oxidative phosphorylation in 
Corynebacterium glutamicum, or has one or more of the activities set forth in Table 1 . 
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Alternatively, the isolated SMP protein can comprise an amino acid sequence 
which is encoded by a nucleotide sequence which hybridizes, e.g., hybridizes under 
stringent conditions, or is at least about 50%, preferably at least about 60%, more 
preferably at least about 70% t 80%, or 90%, and even more preferably at least about 
5 95%, 96%, 97%, 98,%, or 99% or more homologous to a nucleotide sequence of one of 
the even-numbered SEQ ID NOs set forth in the Sequence Listing. It is also preferred 
that the preferred forms of SMP proteins also have one or more of the SMP bioactivities 
described herein. 

The SMP polypeptide, or a biologically active portion thereof, can be operatively 
10 linked to a non-SMP polypeptide to form a fusion protein. In preferred embodiments, 
this fusion protein has an activity which differs from that of the SMP protein alone. In 
other preferred embodiments, this fusion protein performs a function involved in the 
metabolism of carbon compounds such as sugars or in the generation of energy 
molecules (e.#., ATP) by processes such as oxidative phosphorylation in 
15 Corynebacterium glut ami cum ^ In particularly preferred embodiments, integration of this 
fusion protein into a host cell modulates production of a desired compound from the 
cell. 

In another aspect, the invention provides methods for screening molecules which 
modulate the activity of an SMP protein, either by interacting with the protein itself or a 

20 substrate or binding partner of the SMP protein, or by modulating the transcription or 
translation of an SMP nucleic acid molecule of the invention. 

Another aspect of the invention pertains to a method for producing a fine 
chemical. This method involves the culturing of a cell containing a vector directing the 
expression of an SMP nucleic acid molecule of the invention, such that a fine chemical 

25 is produced. In a preferred embodiment, this method further includes the step of 

obtaining a cell containing such a vector, in which a cell is transfected with a vector 
directing the expression of an SMP nucleic acid. In another preferred embodiment, this 
method further includes the step of recovering the fine chemical from the culture. In a 
particularly preferred embodiment, the cell is from the genus Corynebacterium or 

30 Brevibacterium, or is selected from those strains set forth in Table 3. 

Another aspect of the invention pertains to methods for modulating production of 
a molecule from a microorganism. Such methods include contacting the cell with an 
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agent which modulates SMP protein activity or SMP nucleic acid expression such that a 
cell associated activity is altered relative to this same activity in the absence of the 
agent In a preferred embodiment, the cell is modulated for one or more C. glutarmcum 
carbon metabolism pathways or for the production of energy through processes such as 
5 oxidative phosphorylation, such that the yields or rate of production of a des,redfine 
chemical by this microorganism is improved. The agent which modulates SMP protein 
activity can be an agent which stimulates SMP protein activity or SMP nucleic acid 
expression. Examples of agents which stimulate SMP protein activity or SMP nucleic 
acid expression include small molecules, active SMP proteins, and nucleic acids 
10 encc^mgSMPproteinsthathavebeenmtroducedintoth^ Examples of agents 
which inhibit SMP activity or expression include small molecules and anasense SMP 

nucleic acid molecules. 

Another aspect of the invention pertains to methods for modulating yields of a 
desired compound from a cell, involving the introduction of a wild-type or mutant SMP 
13 gene into a cell, either maintained on a separate plasmid or integrated into the genome o 
the host cell. If integrated into the genome, such integration can be random, or it can 
take place by homologous recombination such that the native gene is replaced by the 
introduced copy, causing the production of the desired compound from the cell to be 
mo dulated. In a preferred embodiment, said yields are increased. In another preferred 
20 embodiment, said chemical is a fine chemical. In a particularly preferred embodiment, 
said fine chemical is an amino acid. In especially preferred embodiments, said ammo 
acid is L-lysine. 
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D etailed Des cri ption of th e Invention 

^ p^nt invention provides SMP nucleic acid and protein molecules which 
are involved in the metaboUsm of carbon compounds such as sugars and the generation 
of energy molecules by processes such as oxidative phosphorylation in 
Corynebactcrium glutamic**. The molecules of the invention may be utilized in the 
modulation of production of fine chemicals from microorganisms, such as C. 
glutamic either directly (** , where overexpression or optimization of a glycolytic 
pathway protein has a direct impact on the yield, production, and/or efficiency of 
production of, e g., pyruvate from modified C. glutamicum), or may have an uvhrect 
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u theless results in an increase of yield, production, and/or efficiency of 
irnpaC t which nonetheless results ^ ^ 

paction of the desired compound £^ » ofe n CTgy available to 

oxidative phosphorylation results » ^ such ^ nucleic acid 

perform necessary metabolic processes and ^ „ 

5 and protein biosynthesis and transcript.on/translat.on). Aspects 

further explicated below. 

" , -^^^ l ^.-,*l^»■■■■■ 
I «»i»»~° and ™^~ 8 r. b . , in Kunloalal , A . (,996) Nucleodde, and 
nucleosides, and nucteot.de, (as desenbed 

- Ml-612 in Biotechnology ™I. «• ReHm 
related con»po»nds. p. 561-612. ^ ^ faBy 

Weinheim, and ~ -^"^1 « - — dio.% 

{e „ arach dome acid), diols {e.g. , P IV ^ airl ; n es 
act as l e s > „ Am «nnnaq (e e . aromatic amines, 

hyahuonic acid a-t^osc). « t lroMm . s Envelope*, of 

— • ~*T£ t^r«^3 „«, VCH: WeU*eim - 
MM*. Chemist^ V ^ & P ptcto . L . ( ,„ 5) -Nutftion, Lipids. 

»d "^.~^X^L Ibr Free ■ - 

**^^T^^** AOCS *- (1995)) - " « • 

Asia, heid Sep, «* '»* 282: ^ «, all «her chemic-s desenbed . 

polykrtdes (Cane « «1 (1 99.) c^mnon. ISBN: 

O^cno 09,3) ° ^ *» 

0818805086 and referencestherera. The metabolism 

chemicals ate further explicated below. 

3« A. ^^'^'^""^^^^uniuofallp^^""*- 

Amino acids compr.se the b».c soucwra. _ ^ ^ 

essential for oormrd cellar functioning it. all orgamsms. The urrm 
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• -H The nrotelnogenic amino acids, of which there are 20 species, serve as 
^gmzed. The protcmoge ^ ^ Ae 

structural units for^e^ ££j „ ^ „ not no „nally found in 

™> nt * nOZ Z^Z^ <>f Industrial Chemistry, vo,. A2. P- 57-97 VCH: 

T wtST^ ^ or L - optical configuration ' 

5 Wemhetm (1985)). Arnmo ^ly-occurring proteins. 

^ ^ of each of the 20 pyogenic amino acids 

Biosynthetic and degradauve cells (see , for example, 

- 'essential' amino — 
StI yer, L. -— 

and valine), so named because they convcrtcd by simple biosynthetic pathways 

.othewnunrng" ««— pro U»e,senne,.ndty n >sin«>. HW-r— 

^ f^^^of *ese — -* «« - — — 

in me food. feed. ^ « ^ of no men, bu. 

20 i-K.us.i~. Lysine is an impo^'»>»»~ u commomy 
j„ of mow-* anhnals such as po.1^ «l ««~ ° ^ a^ugnout 

used as a flavor addinv. •"^^^^"^11 <*— U 

^ionine^dWU^-eaHut.!^^ P ^ rf ^ m 

25 v^iencine.^^.^-'^^^,,.. 
~~«<--^-£££. (Leuch.enbe^.W . (.996) Amino «* - 

^cjp^du^snduse.p.^ 5»2» 

..... -urn- Weinheim). Additionally, «*»e amino".' 
^ synthesis of synthedc amino acids and proteins, such as N- 

30 useful as precursors for the syntnes , svS _ hvdroxy tryptophan, and others 

acetylcysteine, S-carboxymethyl-L-cysteme, (S)-5-hydroxytryp 
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described in Ubnann's Encyclopedia of Induari.1 Chemistry, vol. A2, p. 57-97, VCH : 

Weinheim, 1985. 

The biosynthesis of these natural amino acids in „rgan,sms capable 
pacing such as bacteria, l»s been we.l characterized (for revie. - of bacten .1 

5 Lino ac« biosynthesis »-d region thereof, see Umbarger, K.E.C.978, 

Jta*-. 47: 533-606). G.«»m*e is synthesized b, the rrfuctive amnion of 
tetogmGuate, an intenr*di«e in the citric acid cych, G.uuu»i»e. proune, and argtnute 
are each subsequently produced Son, ghnama... The biosymhesis of se™e » a tt.ee- 
step process beginning Witt, ,-phosphog,^. (an intermediate m g iycolysts,, »d 

l0 resuKingmuus amino acid after oxid^r^^ 
cysteine a™, giycine are produced from serine; the former 

hLocysteh, with serine, and the latter by the bWe™. of the std«h.m l^rbon 
atom «, tetntttydrofohtte, in a reaction caudyzed by serine tr^ydroxyn^hytase. 
P heny.alam»e. and tyrosine are syntttesized f^m the glycol Pe«os. phosphate 
,5 pathway precursors erymrose 4-phosphare and phosphoenolpyn— ma 9-*«P 

Lynu^ic p*hway *». ** » « ™ — S " mhM ' 5 f 
T^oph^ is -so produced from these two InitU. mo.ecu.es, bu, its synthests ,s an . .- 

st^pathway. Tyrosine may a.so be synu*sized ftom phenylalanine, m a reacts 
eattlyzed by phen,l.l»ine hydroxy.ase. A.anine, vanne, and .euctne « ... 
2 0 of py~v«e. the M product of glycol A**- - formed 
^o^Le. an intermediate of the citric acid cycle. Asp^e. m— 
Loninc, and lysine are each produced b, the conversion of a^ 
formed ftom tt«<»ine. A complex 9-s«P P-b-r, resu.ts in the producuon of .nsndute 
ftorn 5-phosphoribosyl-l-pyropnospnMe. an activated sugar. 

and are instead degraded . p~v.de intermedfc.es for th. major me**o,ic 
the ceU (for review see S try~, L. Biochemist 3- ed. Ch. "Ammo Acd Degmdanon 
and the Urea Cycle" p. 495-5. 6 (19 88 ». Although the cell is ab.e to convert unwaged 
^ add, inn, useful meUbonc intenne4i«es. amino acid production » oosU, nn 

molecules and the enzymes necessary to synthesize them. 
30 terms of energy, precursor molecules, and * ^nzym ^ 

Thus it is not surprising that amino add biosynthesis is regulated * 

in which the presence of a particular amino acid serves to slow or entirely stop its own 
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_ t . n , for overview of feedback mechanisms in amino acd biosynthetic pathways, 
L^iochem' stry, 3« C, >4: "Biosynthesis * A— Acids- 1«W , 
Thus, the output of any particular amino acid is limited by the amount 

of that amino acid present in the cell. 

B. vt.amin.Cof^or. and N^ocu.ica,^^^ onuses 

Vitamin* cofacto*. and nut^euncate compose anoO^ .r-P « ""^ 

.sev are readily synthesized by «her - • ^ ™ > ' eCl " eS *" 

substances which may serve as election canters or intermediates in * ^iave 
™.*wavs Aside from tl^r nutritive value, these compounds also have 

s lgraB can. -*-n- ^ ^ ^ 

"""^ JL se. for example, Uiln-n's Encyclopedia of Induaria. Chemis-y. 

15 ofthesecom VCH: Weinheim, .996.) The tern, "viuunu," is art- 

"Vitamins vol. A27, p. . _ 

IlTized and incudes nutrients which are required by an o*antsm for norma, 
^..t which that or^ism ca.no, ,y«hesi~ b, Nt The 
1, eneorU corac^rs and nu^C come^ ds^he = 



20 



« Such compound, may be organic or inc^nic; ft. condor molecu.es of the 

pre£b.y «~ • Tbe » "r-u^euno," 



" ^ THebio^sofmesemo-ecuteamor^ 

^ ., b~*r* h» been .arge.y (UrW. B.cydoped» 

. . „ , », 7 „ 443-613 VCH: Weinhcim, 1996; Michal, G. (1999) 



30 



Biochemical rauiwoy a. ™ — . 

T On A S Niki E & Packer, L. (1995) -Nutrition, Lipids, Health, and 
& Sons; Ong, A.S., Niki, b *^ v „ , . fic d Technological 

Disease" Proceedings of the UNESCO/Confederate of Scienhfic and Tec o» 
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me * y l„bo.uc,ec<ide 0— - - 09.7) «-* M*.* * 
Cleric RNA-DNA analogue (b»»e « - *~ 21 *»"*>■ . 

te still another embodiment, an antisense nucleic acid of the tnvertton » . 

5 ^ te „fel«.v i „ g . S ^e. S W«dn-c.cic« i d, S uch a s»„ raR N A ,»»*.cn U «y 
have . con,ple««n.ar, region. Th* nbozymes («•*. harnmerhe»i ribc^rnes 
described in Haselhoff and Geriach (1M) 334:5.5-590) 
.DM, cle^e SMP mRNA u^scrip* to M — °' ^ 
mRNA. A ribozym. having specificity for an SMPH=ncoding nucletc ac.dcan be 

,0 designed upon the nucleotide seoncne of an SMP cDNA disclosed bercu, £ 

SEQ^D NO. 3 (RXA01626)). W,M 
RNA canbe consul in which the nucleotide se,«nc. of «. a=uve si« - 

complementary - the nuclide se^o- » be cleaved in an 

Se.,. Ccch««/.U.S.P M ntNo.4, W 7,07lWC«ch«,«iU.S.I> ! «cn.No 

, 5 742. Alternative.,. SMP mRNA can be used to se.ee. . candy* KNA h^ng a 

!pL i „c ri bonuc 1 e M .acUvi ff froo,apoc4of R NA»o te c».es. See, e s, Bar*,, D. 

S20Stak,I.W.(1993)Scfe-K»26ia411-1418. 

Alternatively, SMP gene expression cm be inhibited by targeung nucleot.de 
seque nce, compUmen-r, to the regulatory tegion of- SMP nucleodde sequence (e.g., 

transcription of an SMP gene in target cells. See gently, 

36; and Maher, LJ. (1992) Bioassays 14(12):807-1S. 

25 B. Recombinant Expression Vectors and Host Cetls 

Another aspect of the uwention p^» vec«,rs, r-«^'y «I«ss.<»» 
veenxs, confining a nucleic acid encoding an SMP protein (or a pordon 
used herein, the tesm "vector" refers to a nucleic acid molecule capable o tn^m. 
^n^leicacidtowhich^beenlinked. ^^T" % f^* ' 

segments^ be ..gated. Anothertype of vector.* a vim. ve«or, where.. 

tZ segment can be Ikj*. W. *• vha. genome. Certain vecu,, are capable of 
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,• ;„ a host cell into which they are introduced (e.g., bacterial 
autonomous replication in a host ceil mro j „„^ nT ^ other 

vectors having a bacterial origin of replication and episomal mammalian vectors)^ Other 
T.. . non-episomal mammalian vectors) are integrated into the genome of a host 
eCn' Eduction into the host -11. and thereby are repeated along wi* *e hos 

5 genol l^^^^^^^-^^rr^^^ 

• , such vectors are referred to herein as "expression 

which they are operanvely linked, bucn vectors ore 

;ri" . in genl, expression vectors of utility in recombinant DNA — are 
oft en in the form of plasmids. In the present specification, "plasrmd ^d ^ can 
be used interchangeably as the plasmid is the most commonly used form of vector 

1 vectors <e replication defective retroviruses, adenoviruses and adeno- 

associated viruses), which serve equivalent functions- 

The recombinant expression vectors of the invention comprise a nuclei acid of 

woHie for expression of the nucleic acid in a host cell, which 
the invention in a form suitable for expression oi 

l5 TZs that the recombinant expression vectors include one or more regulatory 

ZLs selected on the basis of the host cells to be used for expression, which is 
ZTe ^nlced to the nucleic acid sequence to be expressed. Within a recombinant 
operatively imked intendcd to me an that the nucleotide sequence of 

expression vector, operably I ^ for expression 

interest is linked to the regulatory sequences) . 

. ^ „ an m vitro transcription/translation system or in a 

20 of the nucleotide sequence {e.g., in an m vitro xran v 

host cell when the vector is introduced into the host cell). The term regulatory 
riL" intended to include promoters, enhancers and other e X pre_^l 
2ients(,,,polyadenylationsi 8M ls, Such ^ 

, • rneddel- Gene Expression Technology: Methods in Enzymology 183, 
example, in Goeddel, Exp ^ include those which 

-v; Academic Press, San Diego, CAC1WW>. Kcguia^ij ^ , 
25 Academic t-ress, nucle otide sequence in many types of host cell and 

direct constitutive expression of a nucleotide scqu 

those which direct expression of the nucleotide sequence only in certain ho* ceUs. 

Preferred regulatory sequences are, for example, promoters ^^^^ 

. »q t-7 t< -n- aal- trc-, ara-, SP6-, amy, sruA a. tr 
trn-tet- tan- lac-, lpp-lac-, lacr-, T7-, T5-, T3 , gai . u« , » 

nromoters from yeasts and fungi, such as ADC1, MFo, AC, P-60, CYC1. 
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usp, STLS. , B33, nos or - ^— «-*——• >« " *» ^ "\°* 

designof the expression vccu* - depend on such fetors as the chotce of the host cel. 
» be tinnsformed, ,he .eve. of expression of protein desired, ete. The expression vc«or, 
5 0 fthei„ven«oneanbeinrrod 1 ^in K »ho S .e«m.oo^yi^ue«pro B msor 

peptides, including fusion proteins or peptides, encoded by nucleic acids . descnbed 
herein <**. SMP proteins, tmnan, forms of SMP prounns, fusion pro«i«,«e ). 

The recombinant expression vectors of the invention can be destgned fbr 
expression of SMP pr-eins in prokaryotic or euk-yotic oeUs. For example, SMP 8*~s 

j ' u „™1 ells such as C glutamic**, insect cells (using bacutovirus 
.0 can be expressed in bacteria, cells such as l... 

expression voters), yeast and «her funga. cells (*. Romanes. M A. « ^ (1992) 
-Foreign gene expression in ye*.: . review", 1W »: 423-48S; van den Bonde!. 
UJUJ. « -I OW "He^logous gen. expression in mtun^us^^More 
Om. Manipulrfons in Fungi, ,. W. Bennet * Li. L_* p. 396-428: Ac^c 
,5 pL San Diego; and van den Hondel. C^MJJ. * Pun, P J. (.99.) "Gene transfer 
Xs-'vel>rd.ve.opmen,for«a m cn»us fi »gi,in: AppUed Mo^ Cannes 

n • a ,r «ls o 1-28 Cambridge University Press: Cambridge), 

nf Funoi Peberdy, J.F. et al.,eas.,p. i «> 

efficiency XT*—*- -™ dUMd mmfom ^™ ° f 

20 ieaf and cotyledon expU««,~ « to* 583-5SO). 0r °T^" 

Suitable ho* cells are discussed furo»r in O^OWft^r^tv. 

1** * ^ >S5. Academic Press, S» Diego, CA (.990). AHen^, ft. 

recombinant expression vector can be transcribed and t^nsUux. m for example 

using T7 promoter regulatory sequences and T7 polymerase. 
25 Expression of proteins in proxaryo.es is most often carried out with vecmrs 

or non-fusion pro*.*. Fusion vectors add a number of amino acids to a pn*en> 
encoded therem, u»ally to the -*> terminus ofthc recombin-t, proton bu, also . the 
C-terminus or fused within suitable region, in the proteins. Such fusion v~tors 
30 typically serve three purposes: .) to increase expression of recombinant »«~ » * 
nlease the solubUny of the recomWnan, pro** and 3) «. aid in the purn^n 
recombinant protein by acting as a Hgand in affinity purification. Often, m fuston 
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expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion 
moiety and the recombinant protein to enable separation of the recombinant protein 
from the fusion moiety subsequent to purification of the fusion protein. Such enzymes, 
and their cognate recognition sequences, include Factor Xa, thrombin and enterokinase. 

5 Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; Smith, 

D.B. and Johnson, K.S. (1988) Gene 67:3 1-40), pMAL (New England Biolabs, Beverly, 
MA) and pRJT5 (Pharmacia, Piscataway, NJ) which fuse glutathione S-transferase 
(GST), maltose E binding protein, or protein A, respectively, to the target recombinant 
protein- In one embodiment, the coding sequence of the SMP protein is cloned into a 

10 pGEX expression vector to create a vector encoding a fusion protein comprising, from 
the N-terminus to the C-terminus, GST-thrombin cleavage site-X protein. The fusion 
protein can be purified by affinity chromatography using glutathione-agarose resin. 
Recombinant SMP protein unfused to GST can be recovered by cleavage of the fusion 

protein with thrombin. 
1 5 Examples of suitable inducible non-fusion E. colt expression vectors include 

pTrc (Amann et al., (1988) Gene 69:301-315), P LG338, P ACYC184, pBR322, P UC18, 
pUC19, P KC30, P Rep4, pHSl, P HS2, P PLc236, pMBL24, pLG200, pUR290, pIN- 
IH113-B1 Xgtll.pBdCl.andpET lid (Studier et al., Gene Expression Technology: 
Methods In Emymology 185, Academic Press, San Diego, California (1990) 60-89; and 
20 Pouwels et al., eds. (1985) Cloning Vectors. Elsevier: New York IBSN 0 444 904018). 
Target gene expression from the pTrc vector relies on host RNA polymerase 
transcription from a hybrid trp-lac fusion promoter. Target gene expression from the 
pET 1 Id vector relies on transcription from a T7 gnlO-lac fusion promoter mediated by 
a coexpressed viral RNA polymerase <T7 gnl). This viral polymerase is supplied by 
25 host strains BL21(DE3) or HMS174(DE3) from a resident X prophage harboring a T7 
gnl gene under the transcriptional control of the lacUV 5 promoter. For transfbnnation 
of other varieties of bacteria, appropriate vectors may be selected. For example, the 
plasmids pIJlOl, P U364, plJ702 and P IJ36l are known to be useful in transforming 
Streptomyces, while plasmids pUBl 10, pC194, or P BD214 are suited for transformation 
30 of Bacillus species. Several plasmids of use in the transfer of genetic information into 
Corynebacterium include P HM1 519, P BL1, pSA77, or P AJ667 (Pouwels et al., eds. 
(1 985) Cloning Vectors. Elsevier: New York IBSN 0 444 90401 8). 
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Q„ stnlMg v u> maximize recombhv*.. protein expression » <° exprcSS "* 
„,,«*, in , ho,, bac«ria wi-h » impair -P«* » Peyton *■ 

reLbu-m protein s .. c*« e^**. r«w>r 

£ Pres. SanDiego. 

5 Z*„ is .0 Iter the nueleio add sequence of «hc acrd »^*» 

expression vector s. that the indivi— cod™ for each amino acid «" h ^ 
^ *Ui«d in the b^rt- chosen to expression, s«h . C 

^ . - VM .«;r.n vector is a yeast cxpressio 
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15 



ceauencesof the invention can us - . 

~«~r* r / n-'WO-TW 2 uu pAG-1, Yep6, Ycpl3, pEMBLYeZJ, 

C 5 ^:.S — Corp^on.S.nOiego.CA). V«— 

Ge " C * P . of vectors appr0 priate for use in other fungi, such as the 

methods for the construction of vectors appropriate 

= - • i a*, tkftt* detailed in: van den Hondel, C.A.MJ.J- & runt, r.J. 
filamentous fungi, include those detauea in. 

Aoplied Molecular Genetic of Fungi. IP. Peberdy. - 1. P- . 
£££ Press: C— d~ and P.u~U e, ~ (.*> Coning Vectors. Elsevier: 



20 New York (IBSN 0 444 904018). 



sxpressed 



Alternatively, tne oivir w 1 ""-' — _ 

^ R^.-iovirus vectors available for expression of 

using baculovirus expression vectors. Baculovirus vecxo 

prolis in cuitured insect ells (eg-, Sf 9 cells) include the P Ac series (Strath o 
(L) Kiol. Cell Biol. 3:2156-2165) and the pVL series (Lucklow and Summers (1989) 
25 Virology 170:31-39). 



jxprcssed 



30 



In another emooaimcni, r 

pl»« cells (such - ,.g«> or in p1~ ee.ls from higher p>»* <*-*. *e 

^oohUsuch^e^p—). .^-p--^^-^ 

CLled in; Becker. E>.. Keeper. E.. ScheH. 1- and * 

... w to ki p markers located proximal to the left border" , riant 
binary vectors with selectable maiKers io«»«« p 
plant binary vec -Binary ^gro6ac/erf "m vectors for 

Mo/. Bio/. 20: 1 195-1 197; and Bevan, M-W. (1984) Binary gr 

, _ io. fi-7ii R791 and include pLGV23, poniatrt-, 
plant transformation", Nucl. Acid. Res. 12: 871 1-8721, and inc 
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pB.N.9, PAK2004, and pDH5 . (Pouwels « -I. , eds. (1985) Coning Vectors. BMc 

New York IBSN 0 444 90401«). . 

» ye. another embodiment, a nucleic acid of*, invention .s expressed u. 

^„ cells .Sing a mammalian express.on ««. E^. "° f ^^"\ 
5 expression vectors include pCDM8 (Seed, B. (1987) MM. 329:840) and pM-HPC 
(K^finan «< <* (1»«7) EMfiC". 6:187-195). When used in ntamn-aan cells, the 
depression vecWs conBo. Anions ar« often provided by vircl regui*ory «len,»». 
For example, commonly used are derived from po.,oma. Adenovm* * 

cytomegaiovirus a»l Simian Virus 40. For other sunable -V-**"""™ 
,0 prelcarvotic and eukaryodc ce.1, s~ char** 16 and 17 of Sambroo* i 

U*~-» Cold Spring Harbor Labour, Pres* Cold Spr.ng Harbor, NY, 

1989 

In another embodiment the recombir»n. r»mr»l»n expression vector 
„ cap-* of directing expression of the nucleic acid preferentially in . ovular ceU^e 
0,r«— ***** elements are used to express «,e nuc.«c act* Tissue- 

Z nc regulry element are Known in th. ar. Non-.imi.ing «-^»^ 
ILpecinc promote* include *. albumin premorer (Uver-specrfe; Pm^ - -L 

1=268-277), ,v™phoid-sP~inc premoters (Calame -»"-«••-> 
» L. *— 43=235-275), in « promoter, of T cel. razors - 

Baltimore (19.9, 8=729-733, and unmunoglobnlms (Baner). <«»Q* 

, ^ t . _ O o^ c P n 33-741-748), neuron-specific promoters 
«r?Q-740* Oueen and Baltimore (1983) Ce« ^ /-ro ^ 

"g J^nhnne., p—. Byrne and Ruddle (.9,9) ««. 
'^-specific promos (Ed.™d «,«,. (.9.5, — ^'"f^,™ 
25 gH-speeific promos (..*, miUt whe, promoter, O S. P*e«. No. 4,873,3.6 «K> 

trc^AppUcrfonPub«e«ionNo. 264,166). ^^^-*^ ( ^ 
„ rLomp^sed, for example the rnuri- box promoters <^-"~ 
Sci.no. 249:374-379) and the ct-fetoprounn promoter (Campes and Tdghman (.9.9) 

Gene* Dev. 3:537-546). . . rto 

30 The invention further provides a recombinant expression vector compnstng a 

DNA molecule of the invention cloned into the expression vector in an annsense 
orientation. That is, the DNA molecule is operatively linked to a regulatory sequence m 
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. ^ which How, for expression **» ° f *• ° NA "[ ^ 

RNA molecule which is antisens. to SMP rnRNA. Regulatory seouenees oper^vely 
link ed to . nucleic acid clo„e4 in .he antisense orison can be chosen wh,ch duec, 
the congous expression of the anuse.se RNA m*mto «• * variety of cell W»s. *r 

direc, consuUuive, ussu. specific or ceU type specific expression of antiseuse RNA. 
The anus^se expression vector <. be in the form of a recombiroui. plaaand, phagenud 
or aUenuaed vims in which antisens. nucleic acids are produced under *■ ' 
big. efficiency reguiatory region. ft. acuvicy of which «. b« d«em»n«d by*. =«n 
Z M. which *. veer is introduced. For a dUcussion of the regntanon of gene 
expression using araisense genes see Weinnaub, H. ..a,., Anusense RNA as . 
rt* Ml for g-enc analysis, - »-* '» <*•— • v * '« " 86 

Ancher aspec, of the inversion peruuns . host cells in,, which , reckon*., 
expression «e«or ofihe invasion has been indeed. The «rms "host cell" and 
,5 ■rlrnbin^.h^.el.-areuse.ta.erchange.b.yherein. 

„ refer no, on., «. ft. P-*— subject ce» bu, ,o fte pro^ or ««. W« 
ofsuch.ee.!. Bcc^seceruunmodific-ions may occur in succeed,™ generanons due 
,„ .id*, muunon or environmenial influences, such prow rnay nolu m fac^ be 

M ^ A hos, CI c» be an, prok»,°* « — >~ «"» Pte - " *" 

can be expressed in burial cel b s«h as C. «*-—>-•* ^ 

^i„^s(suchasChir^harn«erovarycens(CHO)orCO S «Us). Oft- 

suiuftl. host ceils are known ft one of ordinary skiU in fte art Micr»rga».»» rel^i 

nucleic acid »i prottua molecules of the inv^on « s« forft in Table 3. 

Vector DMA can be introduced into prokaryouc or eukaryotic cells via 
convention., formation or nWecnon techniques. A. used herein, the tem» 
-nWbrmation- and -aunsfecuo.-, "conju^on" and -^nsduchon are -m** ft 
30 refer to a vane* of an-recognized tocluuuues for introducing foreign .»cl.,c ac,d 

lir~r DNA or RNA <..*, a linearis vector or a gene conduct -one wuhou, a vec, 
or nucleic acid in fte form of a vector (eg., a plasmid. pt»ge, i-h-"* pr-genud. 



PCT/IB00/00943 

WO 01/00844 

-46- 

wt ^lls can be found in Sambrook, et al. {Molecular 
rmnsformine or transacting host cells can oc wu. . 
transforming ^ la&owfwy. Cold Spring 

«! C.loninz- A Laboratory Manual. 2nd, ea.. ^ota cpr « 

For of — «- «*• ««"—*-• UP ° n *' 

- . ^u„; mi< > usecL only a small fraction of cells may 

«■•— - — ' - — W ^ Q J m , and se.ee, these 
integrate the foreign DN A into their genome. In order to .oe J 

10 integrants, « gene thai encodes a seiec n-ferred 
gorily introduced into the host cells Jong v»h» the ge~ of „«rrest I««™d 

neomycin and nKthotrexa*. Nueleic acid encoding a seieca-ble ma*e. 
ZZ* int. . host cel. on the — ve«or a. *. encoding an SMP cro«.» » can be 
,5 CeUsstahlytr^fee^^^u^ucednnc^ 

15 introduced ^ election (e X , cells that have incorporated 

acid can be identified by, for example, drug selection Ke g-, 
the selectable marker gene will survive, while the other cells die). 

To create ahomologousi^mbu^ 
contains at least a portion of an SMP gene into which a deletion ad„ substttu.on 

, * OThv alter e e, functionally disrupt, the SMP gene. 

->n Kr,«5 heen introduced to thereby alter, e.g., ^ . „ 

20 has been imroa t~nrvrutbacterhan gjtutamicum SMP gene, but it can be a 

Preferably, this SMP gene is a Corynebactertum g 

homologue from a related bacterium or even from a mamniahan, yeast, or insect sourc 
r p JLd embodiment the vector is designed such that, 

Lombination, the endogenous SMP gene is functionally ^<f£^ 
25 encodes a functional protein; also referred to as a "knock out" vector). A*™"^' 

* J\vn> *ene is flanked at its 5' and 3' ends by additional nucleic acid of the SMP 
30 of the SMP gene is flanked at w'nation to occur between the exogenous SMP gene 

eene to allow for homologous recombination to occur Detween b AA . ttnnal 

gene •» microomanism. The addiuonal 
carried by the vector and an endogenous SMP gene in a microorgam 
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0 „ cwp nucleic acid is of sufficient length for successful homologous 

flanking SMP nucleic add ^ Qf flankiftg DNA 

recombination with the endogenous gene. Typ.cally, sev 

Cboth at the 5' and 3' ends) are included in the vector (see e.g., Thomas, K.R and 
T H MR.(l987)CeU51: 503 for a description of homologous recombination 
Capecchi,M.R.(l987)Ceu3i . , _ by dectroporation) and 

5 vectors). The vector is introduced into a rmcroorgamsm (e.g., by e po 
ceUs in which the introduced SMP gene has homologous* recombmed w.th the 
endogenous SMP gene are selected, using art-known techniques. 

m another embodiment, recombinant ^^^^^^^^Z 

10 For example, inclusion of an SMP gene on a vector p^ng ^ 
operon permits expression of the SMP gene only m the presence of IF 

m . _^„ c known in the art) such that 

. c K,it «stil1 encodes a functional SMP protein, insxrna. 
deletions, or inversions, but still encou» 

^ «f the reeulatory regions (e.g. , a promoter, repressor, or 
embodiment, one or more of the regulatory rc & * hv deletion. 

j , - ck/tp oene in a microorganism has been altered (e.g., by deletion, 
inducer) of an SMr gene in * «» Q w P ffene : s 

- • or noint mutation) such that the expression of the SMP gene 

* v SMP cene and protein modificanons may oe iwu. j 

more than one of the described SMr ge v indeed in the present 

pro duced using the methods of the invention, and are meant to be included 

invention. nm karvotic or eukaryotic host cell in 

25 A host cell of the invention, such as a prokaryotic or a*y 

w- eM f tn nroduce (f e express) an SMP protein. Accordingly, the 
culture, can be used to produce y.e.,exp > ^ ^ 

invention further provides methods for producing SMP of 
^invention. In one embodiment, the method -»^^^ teinha3 
mve ntion (into — i a recombinant exp^ion ~ a ^ 
30 been induced, or into which genome has ^ In ^ 

or altered SMP protein) in a suitable medium until SMP protem is p 
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the host cell. 

C Isolated SMP Proteins 
, Another aspect of the invention pertains to isolated SMP proteins, and 

Korean, actfve portions hereof. An - W— " »r ■^2^1"^^ 
porti^t hereof is subs^nnaUy *ee of ««..».« m^eriai whenpn^edb, 

maattmt DNA techn.,«es, or chemical precursors or «her *-* 

che.nic.Uv synthesized. The Ungate -substantially free of ceUu.ar -™> 
cneimcauy V" <Wnn celhuar component 



10 



IS 



20 



chemieauy syntnesneo. components 
p^cnsofSMPprotemm^ch^P^em^sep™^ ^.^^ 

of the cells in which it is naturally or recombnwmy produced. In on 
lmgua gc free of celhunr m«eri.r includes onions »^^» 

hJTless than about 30% (by d» ofnon-SMP <*" "T" 

rrJZnutanns pro^in-,. more prefembly less then »f ■ 

A more prefembly less than about .0% of non-SMP PrtXem. «* ""^^ 
1 about 5% non-SMP protein. When the SMP protein or 

is recombinant* produced, i, is also profembl, subdual!, free of 
medium te . culture medium ^presents less ft- about M more pretend,!, less than 
^0%. and most prefer, .ess - about 5* ofthe vohune of thepr«cu, 
.reparrfon. The ^^l^JT^lZ 



separated 



25 



30 



chemicals" includes prepare"*"" «* - — . ,,. 

cLc* precursors or other chemicals wnich are invOved in the synthesis of *e 

£L In on. embodiment, the Ungu^e "substantUdly nee ">~*»-?" £ 
lr chemical includes p«p«adon. of SMP pro*, having less 

«ni>n> chemicals, more preferably less than 
dry weight) of chemical precursors or non-SMP chemicals, mo 
cry wigiu; ^Mnicals still more preferably less than 

about 20% chemical precursors or non-SMP chemicals, still m pre 

M owp chemicals, and most preferably less man 

about 1 0% chemical precursors or non-SMP chemicals, v .. ;ments _ 

^„.<;mp chemicals, to preferred embodiments, 
about 5% chemical precursors or non-SMP cncmicais. v 

L- proteir, or biologic active P— thereof ^ 

th. s«ne organism from which the SMP prounn is derived. Typ.ca.ly. such profcnns are 
P^* recombinant expression of, for example. . C - SMP protem m a 

microorganism such as C. g/«to»»ici«m 
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frequency of functional mutants in the libraries, can be used in 

screening assays to identify SMP homologues (Arkin and Yourvan (1992) PNAS 

89 781 1-7815; Delgrave etal. (1993) Protein Engineering 6(3):327-331). 

in another embodiment, cell based assays can be exploited to analyze a 
5 variegated SMP library, using methods well known in the art. 

D Uses and Methods of the Invention 

The nuc leic acid molecules, proteins, protein homologues, fusion protems, 
primers, vectors, and host cells described herein can be used in one or more of the 
following methods: identification of C ^micum and related organisms; mappmg of 
g enomes of organisms related to C ^tification and local~f C 

glutamic se q uences of interest; evolutionary studies; determinate of SN* pmtem 
« gions required for function; modulation of an SMP protein activity; modulation of the 
JLolism of one or more sugars; mod««ation of high-energy module P^"" * 
cell (. e ATP, NADPH); and modulation of cellular production of a desired compound, 



10 



15 



20 



25 



30 



such as a fine chemical. 

T*e SMP nucleic acid molecules of the invention have a vanety of uses. Fust, 
they may be used to identify an organism as being Corynetactenum glutan.icun, or a 
!Ze relative thereof. Also, they may be used to identify the presence of C 
orarelanvethereofmamixedpopulanonofn^croorg^ The .venUon proves 
the nucleic acid sequences of a number of C. glutamicum genes; by probmg the 
Lted genomic DNA of a culture of a unique or mixed population of mtcroorgamsms 
under stringent conditions with a probe spanning a region of a C. glutamtcum gene 
which is unique to this organism, one can ascertain whether this orgamsm ts present. 
Although Corynehacurium gtoamicun* itself is nonpathogenic, it ,s 
pathogenic species, such as Corynebacterfun, dipfuheriae. Coryneoacterw dvhthenae 
TZ causa^agent of diphtheria, a mpidly developing, acute, febrile infection which 
solves bom local and systemic pathology. In this disease, a local lesion devdops in 
^ upper respiratory tract and involves necrotic injury to epithelial cells; the bact... 
secrete toxin which is disseminated through this lesion to distal susceptible tossues of the 
body Degenerative changes brought about by the inhibition of protein synthesis m 
thesLtissul, which include heart, muscle, peripheral nerves, adrenals, kidneys, hver and 
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result in ft. systemic pathology of the disease. Diphtheria cogues ,o have 
Hgh incidence in many parts of fte wortd, M*. Africa. Asia. Eastern Ewopeand 
ft. independent aa.es of the fonner Soviet Union. An ongoing eptdemtc of dtphthen. 
to ft, taaer two regions has resulted in a. least 5,000 deafts sine. 1990. 
5 to on. embodiment, ft. invention provides a method of identifying the presence 

or activity of Comy.bac.er,** «ph,Hert°e m a subject. This meftod inciudes de.ect.on 
of on. o. more of ft. nucleic acid or amino add sequences of the invention (e g the 
s^ences se, forth a, odd-numbered or even-numbere* SEQ ID NO, r«sp*c»v..y. « 
ft, Sequence Listing) in a subject, ftereb, deleting fte presence or acttvtty of 

JL bncu™, and many of ft. nucleic acid and pro**, molecules . 

are homologous to C. +**H- nucleic acid and protein moires, and can ft»«fore 

be used to delect C dtphtturlae in a subject. 

The nucleic acid and protein molecules of ft. invention may also sen., as 
, 5 markers for specific regions of fte genome. T*s has utility not only in fte m^pmg of 
fte genome, but aUo ft. fcnctiona. Sadies of C. • *- » 

JL, 0. region of fte genome to which a particular C. DNA-bmdtng 
lacnuiy & —•.ted. and the fragments incubated 

protein binds, fte C Jmanlcum genome could be dujesKd. and fte «» 

wTth ft. DNA-binding p^unn. T*ose which bind ft. pro.™ may ^j""**** 
20 wift fte nucleic acid molecule, of fte invention, preferably wift read* de*cubl. 
Ubels; bindingof such .nucleic acid molecule*, the genome 

.oc^on of ft. <*gment to fte genome t»P of C. -4. wh» performed 

^ times with different enzyme, *=«i«u» a r*d deKnmnation of ft. nucUuc 
acid L»«nc« to which the prottrin binds. Further, the nucleic acid macules of the 
2S inveTon may be surMentiy homologous ft ft. sequence, of re.*ed »™^" 
ftes. nucleic acid molecules may serve a, markers for fte consmrcuon of a genonuc 

„™mrelanrfb« ! u^su<* M ^<o^^^<!*"~"' w "- 

The SMP nucleic acid molecules of the invention are alsou*«ul for evoluaonar, 
m d ptoanns-ucmra. Sadies. Thern«ubo.ie^^-re.^pt»o^«wh«h 
30 fte molecufcs of fte invention participle _ ut«ized b, a wide vanety 

1 eukatyotic cells; by comparing ft. se,ue~es of fte nudeic acid molecufe, of ft. 
present invention to ftose encoding similar enzyme, from oft™ org«nsms, ft. 
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evolutionary relatedness of the organisms can be assessed. Similarly, such a comparison 
permits an assessment of which regions of the sequence are conserved and which are 
not, which may aid in determining those regions of the protein which are essential for 
the functioning of the enzyme. This type of determination is of value for protein 
5 engineering studies and may give an indication of what the protein can tolerate in terms 
of mutagenesis without losing function. 

Manipulation of the SMP nucleic acid molecules of the invention may result in 
the production of SMP proteins having functional differences from the wild-type SMP 
proteins. These proteins may be improved in efficiency or activity, may be present in 
10 greater numbers in the cell than is usual, or may be decreased in efficiency or acUvity. 

The invention provides methods for screening molecules which modulate the 
activity of an SMP protein, either by interacting with the protein itself or a substrate or 
binding partner of the SMP protein, or by modulating the transcription or translation of 
an SMP nucleic acid molecule of the invention. In such methods, a microorganism 
1 5 expressing one or more SMP proteins of the invention is contacted with one or more test 
compounds, and the effect of each test compound on the activity or level of expression 

of the SMP protein is assessed- 

There are a number of mechanisms by which the alteration of an SMP protein of 
the invention may directly affect the yield, production, and/or efficiency of production 
20 of a fine chemical from a C. glutamics strain incorporating such an altered protein. 
The degradation ofhigh^nergy carbon molecules such as sugars, and the conversion of 
compounds such as NADH and FADH 2 to more useful forms via oxidative 
phosphorylation results in a number of compounds which themselves may be desirable 
fine chemicals, such as pyruvate, ATP, NADH, and a number of intermediate sugar 
25 compounds. Further, the energy molecules (such as ATP) and the reducing equivalents 
(such as NADH or NADPH) produced by these metabolic pathways are utilized m the 
cell to drive reactions which would otherwise be energetically unfavorable. Such 
unfavorable reactions include many biosynthetic pathways for fine chemicals. By 
improving the ability of the cell to utilize a particular sugar {e.g., by manipulating the 
30 genes encoding enzymes involved in the degradation and conversion of that sugar into 
energy for the cell), one may increase the amount of energy available to permit 
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unfavorable, yet desired metabolic reactions (..* , the biosynthesis of a desired fine 

chemical) to occur. 

Further, modulation of one or more pathways involved in sugar utilization 

permits optimization of the conversion of the energy contained within the sugar 
5 molecule to the production of one or more desired fine chemicals. For example, by 
reducing the activity of enzymes involved in, for example, gluconeogenes.s, more ATP 
is available to drive desired biochemical reactions (such as fine chemical biosyntheses) 
in the cell. Also, the overall production of energy molecules from sugars may be 
modulated to ensure that the cell maximizes its energy production from each sugar 
10 molecule. Inefficient sugar utilization can lead to excess CO, production and excess 
energy which may result in futile metabolic cycles. By improving the metabolism of 
sugar molecules, the cell should be able to function more efficiently, with a need for 
fewer carbon molecules. This should result in an improved fine chemical product: sugar 
molecule ratio (improved carbon yield), and permits a decrease in the amount of sugars 
15 that must be added to the medium in large-scale fermentor culture of such engineered C. 

glutamicum. . . 

The mutagenesis of one or more SMP genes of the invention may also result in 

SMP proteins having altered activities which indirectly impact the production of one or 
more desired fine chemicals from C. glutamicum. For example, by increasing the 
20 efficiency of utilization of one or more sugars (such that the conversion of the sugar to 
useful energy molecules is improved), or by increasing the efficiency of conversion of 
reducing equivalents to useful energy molecules (e.g.. by improving the efficiency of 
oxidative phosphorylation, or the activity of the ATP synthase), one can increase the 
amount of these high-energy compounds available to the cell to drive normally 
25 unfavorable metabolic processes. These processes include the construction of cell walls, 
transcription, translation, and the biosynthesis of compounds necessary for grow* and 
division of the cells (e.g., nucleotides, amino acids, vitamins, lipids, etc.) (Lengeler e< aL 
(1999) Biology of Prokaryotes, Thieme Verlag: Stuttgart, p. 88-109; 913-918; 875-899). 
By improving the growth and multiplication of these engineered cells, it is possible to 
30 increase both the viability of the cells in large-scale culture, and also to improve their 
rate of division, such that a relatively larger number of cells can survive in fermentor 
culture The yield, production, or efficiency of production may be increased, at least 
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d« to the presence of, greater — « of viable «l.s, each product *e desired a« 

^lunher, many of the P-*~ *— ^^'f " 

themselves utilized b, the d. as precu»ors or intermedial the product™ of a 
, r^ro^useMcornpou^^ofwbich^^oh^s^^P^ 

is convex into ft. — - — - . 

P** oft '™^ P , , „ ^ availability of these degradation products 

metabolism, then, has a profound effect on the avau ry 

, „f tK _ re ii to process sugars, either in terms or 

in the cell By increasing the ability of the cell to pro«~» 
in the cell, y engine ering enzymes involved m these 

,0 efficiency of existmg pathways ( ° J or by increasing the availability of 

pathways such that they are optimized rf ^ 

the enzymes involved in such pathways (e.g., by increasing th 

• * ~m it is oossible to also increase the availability of these 

degradation products in the cell, wnicn snout 

. . ; _ (h „ -^11 ( e a . fine chemicals). 

i s different other desirable compounds in the ceil Ke g . 

The aforementioned mu»gen«.s for SMP pn*ei»s » - 

^rJa vie,ds of a fine chemic* rr»» C « « — - """V 

the,, stiategi- «H be — r - - ^^^1"^ 

van . ^ m -^Kafiisms disclosed herein, the nucleic 

Using such s^es. - ■^~T^l d to gener*. C. ^— . 

t^rTyield product and/or efficiency of production of. desired compound » 
such that the yield, proa produced by C. gntfamic-". 

improved. This desired compound may be any proa P imiedi „_ „ f 

w»-cludes^^ 

k. „«™i as limiting The contents of all references, patent applications, patents, 
be construed as hmrtm* ciled throughout this 

30 published patent applications, Tables, ana tne scq 
application are hereby incorporated by reference. 



25 

occur in 
strain of the invention. 
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Exemplifi cation 



Example 1 : Preparation of total genomic DN A of Corynehacterium glutamicum 
ATCC 13032 

5 A culture of Corynebacterium glutamicum (ATCC 1 3032) was grown overnight 

at 30°C with vigorous shaking in BHI medium (Difco). The cells were harvested by 
centrifugation, the supernatant was discarded and the cells were resuspended in 5 ml 
buffer-I (5% of the original volume of the culture — all indicated volumes have been 
calculated for 100 ml of culture volume). Composition of buffer-I: 140.34 g/l sucrose, 

10 2.46 g/1 MgS0 4 x 7H x O, 1 0 ml/1 KH 2 P0 4 solution ( 1 00 g/1, adjusted to pH 6.7 with 
KOH), 50 ml/1 Ml 2 concentrate (10 gA (Nrl^SO,, 1 g/1 NaCl, 2 gA MgSO« x 7*1,0, 
0.2 g/1 CaCl„ 0.5 g/1 yeast extract (Difco), 10 ml/1 trace-elements-mix (200 mg/1 FeS0 4 
x H,0, 10 mg/1 ZnSO. x 7 H,0, 3 mg/1 MnCl, x 4 H,0, 30 mg/1 H,BO, 20 mg/1 CoCl, x 
6 H,0, 1 mg/1 NiCl, x 6 H,0, 3 mg/1 NajMoO. x 2 H,0, 500 mg/1 complexing agent 

1 5 (EDTA or critic acid), 1 00 ml/1 vitamins-mix (0.2 mg/1 biotin, 0.2 mg/1 folic acid, 20 
mg/1 p-amino benzoic acid, 20 mg/1 riboflavin, 40 mg/1 ca-panthothenate, 140 mg/1 
nicotinic acid, 40 mg/1 pyridoxole hydrochloride, 200 mg/1 myo-inositol). Lysozyme 
was added to the suspension to a final concentration of 2.5 mg/ml. After an 
approximately 4 h incubation at 37*C, the cell wall was degraded and the resulting 

20 protoplasts are harvested by centrifugation. The pellet was washed once with 5 ml 
buffer-I and once with 5 ml TE-buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8). The 
pellet was resuspended in 4 ml TE-buffer and 0.5 ml SDS solution (10%) and 0.5 ml 
NaCl solution (5 M) are added. After adding of proteinase K to a final concentration of 
200 ug/ml, the suspension is incubated for ca. 1 8 h at 37°C. The DNA was purified by 

25 extraction with phenol, phenol-chloroform-isoamylalcohol and chloroform- 

isoamylalcohol using standard procedures. Then, the DNA was precipitated by adding 
1/50 volume of 3 M sodium acetate and 2 volumes of ethanol, followed by a 30 min 
incubation at -20°C and a 30 min centrifugation at 12,000 rpm in a high speed centrifuge 
using a SS34 rotor (Sorvall). The DNA was dissolved in 1 ml TE-buffer containing 20 

30 jig/ml RNaseA and dialysed at 4°C against 1 000 ml TE-buffer for at least 3 hours. 
During this time, the buffer was exchanged 3 times. To aliquots of 0.4 ml of the 
dialysed DNA solution, 0.4 ml of 2 M LiCl and 0.8 ml of ethanol are added. After a 30 
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min incubation at -20°C, the DNA was collected by centrifugation (13,000 rpm, Biofuge 
Fresco, Heraeus, Hanau, Germany). The DNA pellet was dissolved in TE-buffer. DNA 
prepared by this procedure could be used for all purposes, including southern blotting or 
construction of genomic libraries. 

Example 2: Construction of genomic libraries in Escherichia coii of Corynebacterium 

glutamicum ATCC13032* 

Using DNA prepared as described in Example 1 , cosmid and plasmid libraries were 
constructed according to known and well established methods {see e.g., Sambrook, J. et al 
(1989) "Molecular Cloning : A Laboratory Manual", Cold Spring Harbor Laboratory Press, 
or Ausubel, F.M. et at. (1994) "Current Protocols in Molecular Biology", John Wiley & 
Sons.) 

Any plasmid or cosmid could be used. Of particular use were the plasmids pBR322 
(Sutcliffe, J.G. (1979) Proc. Natl Acad. Sci. USA, 75:3737-3741); pACYC177 (Change & 
Cohen (1978) J. Bacterial 134:1 141-1 156), plasmids of the pBS series (pBSSK+, pBSSK- and 
others; Stratagene, LaJolla, USA), or cosmids as SuperCosl (Stratagene, LaJolla, USA) or 
Lorist6 (Gibson, T.J., Rosenthal A. and Waterson, R.H. (1987) Gene 53:283-286. Gene libraries 
specifically for use in C glutamicum may be constructed using plasmid pSL109 (Lee. H.-S. and 
A. J. Sinskey (1994)./. Microbiol BiotechnoL 4: 256-263). 

Example 3: DNA Sequencing and Computational Functional Analysis 

Genomic libraries as described in Example 2 were used for DNA sequencing 
according to standard methods, in particular by the chain termination method using 
ABI377 sequencing machines (see e.g., Fleischman, R.D. et al. (1995) "Whole-genome 
Random Sequencing and Assembly of Haemophilus Influenzae Rd., Science, 269:496- 
5 12). Sequencing primers with the following nucleotide sequences were used: 5*- 
GGAAAC AGT ATG ACC ATG-3 * or 5 * -GTAAAACGACGGCC AGT-3 * . 



Example 4: In vivo Mutagenesis 

In vivo mutagenesis of Corynebacterium glutamicum can be performed by passage of 
plasmid (or other vector) DNA through E. coli or other microorganisms {e.g. Bacillus spp. or 
yeasts such as Saccharomyces cerevisiae) which are impaired in their capabilities to maintain 
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the integrity of their genetic information. Typical mutator strains have mutations in the genes 
for the DNA repair system (e.g.* mutHLS, mutD, mutT, etc.; for reference, see Rupp, W.D. 
(1996) DNA repair mechanisms, in: Escherichia coli and Salmonella y p. 2277-2294, ASM: 
Washington.) Such strains are well known to those of ordinary skill in the art. The use of such 
5 strains is illustrated, for example, in Greener, A. and Callahan, M. (1994) Strategies 7: 32-34. 

Example 5: DNA Transfer Between Escherichia coii and Corynebacterium 
glutamicum 

Several Corynebacterium and Brevibacterium species contain endogenous 

10 plasmids (as e.g., pHMl 519 or pBLl) which replicate autonomously (for review see, e g y 
Martin, J.F. etal (1987) Biotechnology* 5:137-146). Shuttle vectors for Escherichia coli 
and Corynebacterium glutamicum can be readily constructed by using standard vectors for 
E. coli (Sambrook, J. et al. (1989), "Molecular Cloning: A Laboratory Manual", Cold 
Spring Harbor Laboratory Press or Ausubel, F.M. et al (1994) "Current Protocols in 

1 5 Molecular Biology", John Wiley & Sons) to which a origin or replication for and a 

suitable marker from Corynebacterium glutamicum is added. Such origins of replication 
are preferably taken from endogenous plasmids isolated from Corynebacterium and 
Brevibacterium species. Of particular use as transformation markers for these species are 
genes for kanamycin resistance (such as those derived from the Tn5 or Tn903 

20 transposons) or chloramphenicol (Winnacker, E.L. (1987) "From Genes to Clones — 

Introduction to Gene Technology, VCH, Weinheim). There are numerous examples in the 
literature of the construction of a wide variety of shuttle vectors which replicate in both E. 
coli and C glutamicum* and which can be used for several purposes, including gene over- 
expression (for reference, see e.g., Yoshihama, M. et al (1985)./. Bacteriol. 162:591-597, 

25 Martin J.F. et al (1987) Biotechnology. 5:137-146 and Eikmanns, B J. et al (1991) Gene, 
102:93-98). 

Using standard methods, it is possible to. clone a gene of interest into one of the 
shuftle vectors described above and to introduce such a hybrid vectors into strains of 
Corynebacterium glutamicum. Transformation of C glutamicum can be achieved by 
3 0 protoplast transformation (Kastsumata, R. etal. ( 1 984) J Bacteriol 1 59306-3 11), 

electroporation (Liebl, E. et al (1989) FEMS Microbiol Letters, 53:399-303) and in cases 
where special vectors are used, also by conjugation (as described e.g. in Sch&fer, A et al. 
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(1990) J. Bacterid . 172:1663-1666). It is 'Jso possible to transfer the shuttle vectors for 
C glutamicvm to co// by preparing pi ismid DNA from C glutamicum (using standard 
methods well-known in the art) and transforming it into E. coli. This transformation step 
can be performed using standard methods, but it is advantageous to use an Mcr-deficient 
5 E. coli strain, such as NM522 (Gough & Murray (1 983) J. Mol. Biol. 1 66: 1 -1 9). 

Genes may be overexpressed in C. glutamicum strains using plasmids which 
comprise pCGl (U.S. Patent No. 4,617,267) or fragments thereof, and optionally the 
gene for kanamycin resistance from TN903 (Grindley, N.D. and Joyce, CM. (1980) 
Proc. Natl. Acad. ScL USA 77(12): 7176-7180). In addition, genes may be 
10 overexpressed in C. glutamicum strains using plasmid pSL109 (Lee, H.-S. and A. J. 
Sinskey (1994) J. Microbiol BiotechnoL 4: 256-263). 

Aside from the use of replicative plasmids, gene overexpression can also be 
achieved by integration into the genome. Genomic integration in C. glutamicum or other 
Corynebacterium or Brevi bacterium species may be accomplished by well-known 
15 methods, such as homologous recombination with genomic region(s), restriction 

endonuclease mediated integration (REMI) (see, e.g. 9 DE Patent 19823834), or through 
the use of transposons. It is also possible to modulate the activity of a gene of interest by 
modifying the regulatory regions (e.g. 9 a promoter, a repressor, and/or an enhancer) by 
sequence modification, insertion, or deletion using site-directed methods (such as 
20 homologous recombination) or methods based on random events (such as transposon 
mutagenesis or REMI). Nucleic acid sequences which function as transcriptional 
terminators may also be inserted 3* to the coding region of one or more genes of the 
invention; such terminators are well-known in the art and are described, for example, in 
Winnacker, EX. (1987) From Genes to Clones - Introduction to Gene Technology. VCH: 
25 Weinheim. 



Example 6: Assessment of the Expression of the Mutant Protein 

Observations of the activity of a mutated protein in a transformed host cell rely on 
the fact that the mutant protein is expressed in a similar fashion and in a similar quantity 
30 to that of the wild-type protein. A useful method to ascertain the level of transcription of 
the mutant gene (an indicator of the amount of mRNA available for translation to the gene 
product) is to perform a Northern blot (for reference see, for example, Ausubel et al. 
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(1988) Current Protocols in Molecular Biology, Wiley: New York), in which a primer 
designed to bind to the gene of interest is labeled with a detectable tag (usually radioactive 
or chemiluminescent), such that when the total RNA of a culture of the organism is 
extracted, run on gel, transferred to a stable matrix and incubated with this probe, the 
5 binding and quantity of binding of the probe indicates the presence and also the quantity 
ofmRNA for this gene. This information is evidence of the degree of transcription of the 
mutant gene. Total cellular RNA can be prepared from Corynebacterium glutamicum by 
several methods, all well-known in the art, such as that described in Bormann, E.R. et al. 
(1992) MoL Microbiol. 6: 317-326. 

10 To assess the presence or relative quantity of protein translated from this mRNA, 

standard techniques, such as a Western blot, may be employed (see, for example, Ausubel 
et ah (1988) Current Protocols in Molecular Biology, Wiley: New York). In this process, 
total cellular proteins are extracted, separated by gel electrophoresis, transferred to a 
matrix such as nitrocellulose, and incubated with a probe, such as an antibody, which 

1 5 specifically binds to the desired protein. This probe is generally tagged with a 

chemiluminescent or colorimetric label which may be readily detected. The presence and 
quantity of label observed indicates the presence and quantity of the desired mutant 
protein present in the cell. 

20 Example 7: Growth of Genetically Modified Corynebacterium glutamicum — Media 
and Culture Conditions 

Genetically modified Corynebacteria are cultured in synthetic or natural growth 
media. A number of different growth media for Corynebacteria are both well-known and 
readily available (Lieb et al (1989) Appl. MicrobioL BiotechnoL, 32:205-210; von der 

25 Ostene/o/. (1998) Biotechnology Letters, 1 1:11-16; Patent DE 4,120,867; Liebl (1992) 
"The Genus Corynebacterium, in: The Procaryotes, Volume 11, Balows, A. et al., eds. 
Springer-Verlag). These media consist of one or more carbon sources, nitrogen sources, 
inorganic salts, vitamins and trace elements. Preferred carbon sources are sugars, such as 
mono-, di-, or polysaccharides. For example, glucose, fructose, mannose, galactose, 

30 ribose, sorbose, ribulose, lactose, maltose, sucrose, raffinose, starch or cellulose serve as 
very good carbon sources. It is also possible to supply sugar to the media via complex 
compounds such as molasses or other by-products from sugar refinement. It can also be 
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advantageous to supply mixtures of differentyfearbon sources. Other possible carbon 
sources are alcohols and organic acids, such as methanol, ethanol, acetic acid or lactic 
acid. Nitrogen sources are usually organic or inorganic nitrogen compounds, or materials 
which contain these compounds. Exemplary nitrogen sources include ammonia gas or 
5 ammonia salts, such as NH4CI or (NH^SO,, NH 4 OH, nitrates, urea, amino acids or 
complex nitrogen sources like corn steep liquor, soy bean flour, soy bean protein, yeast 
extract, meat extract and others. 

Inorganic salt compounds which may be included in the media include the 
chloride-, phosphorous- or sulfate- salts of calcium, magnesium, sodium, cobalt, 

1 0 molybdenum, potassium, manganese, zinc, copper and iron. Chelating compounds can be 
added to the medium to keep the metal ions in solution. Particularly useful chelating 
compounds include dihydroxyphenols, like catechol or protocatechuate, or organic acids, 
such as citric acid. It is typical for the media to also contain other growth factors, such as 
vitamins or growth promoters, examples of which include biotin, riboflavin, thiamin, folic 

1 5 acid, nicotinic acid, pantothenate and pyridoxin. Growth factors and salts frequently 
originate from complex media components such as yeast extract, molasses, corn steep 
liquor and others. The exact composition of the media compounds depends strongly on 
the immediate experiment and is individually decided for each specific case. Information 
about media optimization is available in the textbook "Applied Microbiol. Physiology, A 

20 Practical Approach (eds. P.M. Rhodes, P.F. Stanbury, IRL Press (1997) pp. 53-73, ISBN 0 
19 963S77 3). It is also possible to select growth media from commercial suppliers, like 
standard 1 (Merck) or BH1 (grain heart infusion, D1FCO) or others. 

All medium components are sterilized, either by heat (20 minutes at 1 .5 bar and 
1 2 1 *C) or by sterile filtration. The components can either be sterilized together or, if 

25 necessary, separately. AH media components can be present at the beginning of growth, 
or they can optionally be added continuously or batchwise. 

Culture conditions are defined separately for each experiment. The temperature 
should be in a range between 1 5*C and 45*C. The temperature can be kept constant or can 
be altered during the experiment. The pH of the medium should be in the range of 5 to 

30 8.5, preferably around 7.0, and can be maintained by the addition of buffers to the media. 
An exemplary buffer for this purpose is a potassium phosphate buffer. Synthetic buffers 
such as MOPS, HEPES, ACES and others can alternatively or simultaneously be used. It 
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is also possible to maintain a constant culture pH through the addition of NaOH or 
NH4OH during growth. If complex medium components such as yeast extract are utilized, 
the necessity for additional buffers may be reduced, due to the fact that many complex 
compounds have high buffer capacities. If a fermentor is utilized for culturing the micro- 
5 organisms, the pH can also be controlled using gaseous ammonia. 

The incubation time is usually in a range from several hours to several days. This 
time is selected in order to permit the maximal amount of product to accumulate in the 
broth. The disclosed growth experiments can be carried out in a variety of vessels, such as 
microti ter plates, glass tubes, glass flasks or glass or metal fermentors of different sizes. 

1 0 For screening a large number of clones, the microorganisms should be cultured in 

microtiter plates, glass tubes or shake flasks, either with or without baffles. Preferably 
100 ml shake flasks are used, filled with 10% (by volume) of the required growth 
medium. The flasks should be shaken on a rotary shaker (amplitude 25 mm) using a 
speed-range of 100 — 300 rpm. Evaporation losses can be diminished by the maintenance 

15 of a humid atmosphere; alternatively, a mathematical correction for evaporation losses 
should be performed. 

If genetically modified clones are tested, an unmodified control clone or a control 
' clone containing the basic plasmid without any insert should also be tested. The medium 
is inoculated to an OD^oo of 0.5 — 1 .5 using cells grown on agar plates, such as CM plates 

20 (10 g/1 glucose, 2,5 g/1 NaCl, 2 g/1 urea, 10 g/1 polypeptone, 5 g/i yeast extract, 5 g/1 meat 
extract, 22 g/1 NaCl, 2 g/1 urea, 10 g/1 polypeptone, 5 g/1 yeast extract, 5 g/1 meat extract, 
22 g/1 agar, pH 6.8 with 2M NaOH) that had been incubated at 30*C. Inoculation of the 
media is accomplished by either introduction of a saline suspension of C. glutamicum cells 
from CM plates or addition of a liquid preculture of this bacterium. 

25 

Example 8 — In vitro Analysis of the Function of Mutant Proteins 

The determination of activities and kinetic parameters of enzymes is well 
established in the art. Experiments to determine the activity of any given altered 
enzyme must be tailored to the specific activity of the wild-type enzyme, which is well 
30 within the ability of one of ordinary skill in the art Overviews about enzymes in 

general, as well as specific details concerning structure, kinetics, principles, methods, 
applications and examples for the determination of many enzyme activities may be 
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found, for example, in the following references: Dixon, M., and Webb, E.C., (1979) 
Enzymes. Longmans: London; Fersht, (1985) Enzyme Structure and Mechanism. 
Freeman: New York; Walsh, (1979) Enzymatic Reaction Mechanisms. Freeman: San 
Francisco; Price, N.C., Stevens, L. (1982) Fundamentals of Enzymology. Oxford Univ. 

5 Press: Oxford; Boyer, P.D., ed. (1 983) The Enzymes, V* ed. Academic Press: New 
York; Bisswanger, H., (1994) Enzymkinetik, 2 nd ed. VCH: Weinheim (ISBN 
3527300325); Bergmeyer, H.U., Bergmeyer, J., GraDl, M., eds. (1983-1986) Methods of 
Enzymatic Analysis, 3 rf ed., vol. I-Xn, Verlag Chemie: Weinheim; and Ullmann's 
Encyclopedia of Industrial Chemistry (1987) vol. A9, "Enzymes**. VCH: Weinheim, p. 

10 352-363. 

The activity of proteins which bind to DN A can be measured by several well- 
established methods, such as DNA band-shift assays (also called gel retardation assays). 
The effect of such proteins on the expression of other molecules can be measured using 
reporter gene assays (such as that described in Kolmar, H. et al. (1 995) EMBOJ. 14: 

1 5 3895-3904 and references cited therein). Reporter gene test systems are well known and 
established for applications in both pro- and eukaryotic cells, using enzymes such as 
beta-galactosidase, green fluorescent protein, and several others. 

The determination of activity of membrane-transport proteins can be performed 
according to techniques such as those described in Gennis, R.B. (1989) "Pores, 

20 Channels and Transporters", in Biomembranes, Molecular Structure and Function, 
Springer: Heidelberg, p. 85-1 37; 199-234; and 270-322. 

Example 9: Analysis of Impact of Mutant Protein on the Production of the Desired 
Product 

25 The effect of the genetic modification in C gluiamicum on production of a 

desired compound (such as an amino acid) can be assessed by growing the modified 
microorganism under suitable conditions (such as those described above) and analyzing 
the medium and/or the cellular component for increased production of the desired 
product (i.e. , an amino acid). Such analysis techniques are well known to one of 

30 ordinary skill in the art, and include spectroscopy, thin layer chromatography, staining 
methods of various kinds, enzymatic and microbiological methods, and analytical 
chromatography such as high performance liquid chromatography (see, for example, 
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Ullman, Encyclopedia of Industrial Chemistry, vol. A2, p. 89-90 and p. 443-61 3, VCH: 
Weinheim (1985); Fallon, A. et al, (1987) "Applications of HPLC in Biochemistry" in: 
Laboratory Techniques in Biochemistry and Molecular Biology, vol. 1 7; Rehm et at. 
(1993) Biotechnology, vol. 3, Chapter III: "Product recovery and purification", page 

5 469-714, VCH: Weinheim; Belter, P.A. et al. (1988) Bioseparations: downstream 
processing for biotechnology, John Wiley and Sons; Kennedy, J.F. and Cabral, J.M.S. 
(1992) Recovery processes for biological materials, John Wiley and Sons; Shaeiwitz, 
J.A. and Henry, J.D. (1988) Biochemical separations, in: Ulmann's Encyclopedia of 
Industrial Chemistry, vol. B3, Chapter 1 1, page 1-27, VCH: Wemheim; and Etechow, 

1 0 F.J. ( 1 989) Separation and purification techniques in biotechnology, Noyes 
Publications.) 

In addition to the measurement or the final product of fermentation, it is also 
possible to analyze other components of the metabolic pathways utilized for the 
production of the desired compound, such as intermediates and side-products, to 

1 5 determine the overall efficiency of production of the compound. Analysis methods 
include measurements of nutrient levels in the medium (e.g., sugars, hydrocarbons, 
nitrogen sources, phosphate, and other ions), measurements of biomass composition and 
growth, analysis of the production of common metabolites of biosynthetic pathways, and 
measurement of gasses produced during fermentation- Standard methods for these 

20 measurements are outlined in Applied Microbial Physiology, A Practical Approach, 
P.M. Rhodes and P.F. Stanbury, eds., IRL Press, p. 103-129; 131-163; and 165-192 
(ISBN : 01 99635773) and references cited therein. 

Example 10: Purification of the Desired Product from C glutamicum Culture 

25 Recovery of the desired product from the C. glutamicum cells or supernatant of 

the above-described culture can be performed by various methods well known in the art. 
If the desired product is not secreted from the cells, the cells can be harvested from the 
culture by low-speed centrifugation, the cells can be lysed by standard techniques, such 
as mechanical force or sonication. The cellular debris is removed by centrifugation, and 

30 the supernatant fraction containing the soluble proteins is retained for further 

purification of the desired compound. If the product is secreted from the C glutamicum 
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cells, then the cells are removed from the culture by low-speed centrifugation, and the 
supernate fraction is retained for further purification. 

The supernatant fraction from either purification method is subjected to 
chromatography with a suitable resin, in which the desired molecule is either reined on 
5 a chromatography resin whi,e many of the impurities in the sample are not, or where the 
impurities are retained by the resin while the sample is not. Such chromatography steps 
may be repeated as necessary, using the same or different chromatography resms. One 
of ordinary skill in the art would be well-versed in the selection of approbate 
chromatography resins and in their most efficacious application for a particular mo ecule 
l0 to be purified. The purified product may be concentrated by filtration or nitration, 
and stored at a temperature at which the stability of the product is max.rn.~L 

There are a wide array of purification methods known to the art and the 
preceding method of purification is not meant to be limiting. Such purification 
techniques are described, for example, in Bailey, J.E. & OUis, D.F. Biocherrucal 
,5 Engineering Fundamentals, McGraw-Hill: New York (1986). 

The identity and purity of the isolated compounds may be assessed by techniques 
standard in the art. These include high-performance liquid chromatography (HPLC), 
spectroscopic methods, staining methods, thin layer chro.atographv NIRS e^c 
Zy, or microbiologically. Such analysis methods are reviewed .n: P-* - - < W 
20 A PP I. E^ron. Microtia!. 60: 1 33-140; Malakhova - aL (1996) Biote^ya 1L 27- 
32fand Schmidt e, aL (1998) EProcess En*— 19: 67-70. "Mann's ^oped. 
of ndustrial Chemistry, (1996) vol. A27, VCH: Weinheim, p. 89-90. p. 521-540, p. 540- 
547 p 559-566, 575-581 and p. 581-587; Michal, G. (1999) Biochemical Pathways: An 
Atlas of Biochemistry and Molecular Biology, John Wiley and Sons; Fallon, A. e, aL 
25 (1987) Applications of HPLC in Biochemistry in: Laboratory Techniques » 
Biochemistry and Molecular Biology, vol. 1 7. 

Example 11: Analysis of the Gene Sequences of the Invention 

The comparison of sequences and detention of percent homology between 
30 two sequences are art-known techniques, and can be accomplished usmg a mathern^cal 
algorithm, such as the algorithm of Karlin and Altschul (1990) Proc. Ma* 
USA 87-2264-68, modified as in Karlin and Altschul (1993) Proc. Natl. Acad. So. USA 
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90:5873-77. Such an algorithm is incorporated into the NBLAST and XBLAST 
programs (version 2.0) of Altschul, et al. (1990) J. Mol. Biol. 215:403-10. BLAST 
nucleotide searches can be performed with the NBLAST program, score = 100, 
wordlength - 12 to obtain nucleotide sequences homologous to SMP nucleic acid 

5 molecules of the invention. BLAST protein searches can be performed with the 
XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences 
homologous to SMP protein molecules of the invention. To obtain gapped alignments 
for comparison purposes, Gapped BLAST can be utilized as described in Altschul et al., 
(1997) Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST and Gapped 

10 BLAST programs, one of ordinary skill in the art will know how to optimize the 
parameters of the program {e.g., XBLAST and NBLAST) for the specific sequence 
being analyzed. 

Another example of a mathematical algorithm utilized for the comparison of 
sequences is the algorithm of Meyers and Miller ((1988) Comput. Appl. Biosci. 4: 1 1- 
15 17). Such an algorithm is incorporated into the ALIGN program (version 2.0) which is 
part of the GCG sequence alignment software package. When utilizing the ALIGN 
program for comparing amino acid sequences, a PAM120 weight residue table, a gap 
length penalty of 12, and a gap penalty of 4 can be used. Additional algorithms for 
sequence analysis are known in the art, and include ADVANCE and ADAM, described 
20 in Torelli and Robot* ( 1 994) Comput. Appl. Biosci 1 0:3-5; and F ASTA, described in 
Pearson and Lipman (1988) P.N.A.S. 85:2444-8. 

The percent homology between two amino acid sequences can also be 
accomplished using the GAP program in the GCG software package (available at 
http://www.gcg.com), using either a Blosum 62 matrix or a PAM250 matrix, and a gap 
25 weight of 12, 10, 8, 6, or 4 and a length weight of 2, 3, or 4. The percent homology 

between two nucleic acid sequences can be accomplished using the GAP program in the 
GCG software package, using standard parameters, such as a gap weight of 50 and a 
length weight of 3 . 

A comparative analysis of the gene sequences of the invention with those present 
30 in Genbank has been performed using techniques known in the art (see, e.g. , Bexevanis 
and Ouellette, eds. (1998) Biointbrmatics: A Practical Guide to the Analysis of Genes 
and Proteins. John Wiley and Sons: New Yoik). The gene sequences of the invention 
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were compared to genes present in Genbank in a three-step process. In a first step, a 
BLASTN analysis (e.g. , a local alignment analysis) was performed for each of the 
sequences of the invention against the nucleotide sequences present in Genbank, and the 
lop 500 hits were retained for further analysis. A subsequent FASTA search (e.g., a 
5 combined local and global alignment analysis, in which limited regions of the sequences 
are aligned) was performed on these 500 hits. Each gene sequence of the invention was 
subsequently globally aligned to each of the top three FASTA hits, using the GAP 
program in the GCG software package (using standard parameters). In order to obtain 
correct results, the length of the sequences extracted from Genbank were adjusted to the 
length of the query sequences by methods well-known in the art. The results of this 
analysis are set forth in Table 4. The resulting data is identical to that which would have 
been obtained had a GAP (global) analysis alone been performed on each of the genes of 
the invention in comparison with each of the references in Genbank, but required 
significantly reduced computational time as compared to such a database-wide GAP 
1 5 (global) analysis. Sequences of the invention for which no alignments above the cutoff 
values were obtained are indicated on Table 4 by the absence of alignment information. 
It will further be understood by one of ordinary skill in the art that the GAP alignment 
homology percentages set forth in Table 4 under the heading "% homology (GAP)" are 
listed in the European numerical format, wherein a V represents a decimal point. For 
example, a value of "40,345" in this column represents "40.345%". 



10 



20 



Example 12: Construction and Operation of DNA Microarrays 

The sequences of the invention may additionally be used in the construction and 
application of DNA microarrays (the design, methodology, and uses of DNA arrays are 
25 weU known in the art, and are described, for example, in Schena, M. et al. (1995) 

Science 270: 467-470; Wodicka, L. et al. (1997) Nature Biotechnology 15: 1359-1367; 
DeSaizieu, A. et al. (1998) Nature Biotechnology 16: 45-48; and DeRisi, J.L. et al. 

(1997) Science 278: 680-686). 

DNA microarrays are solid or flexible supports consisting of nitrocellulose, 
30 nylon, glass, silicone, or other materials. Nucleic acid molecules may be attached to the 
surface in an ordered manner. After appropriate labeling, other nucleic acids or nucleic 
acid mixtures can be hybridized to the immobilized nucleic acid molecules, and the label 
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may be used to monitor and measure the individual signal intensities of the hybridized 
molecules at defined regions. This methodology allows the simultaneous quantification 
of the relative or absolute amount of all or selected nucleic acids in the applied nucleic 
acid sample or mixture. DNA microarrays, therefore, permit an analysis of the 
5 expression of multiple (as many as 6800 or more) nucleic acids in parallel (see, eg. , 
Schena, M. (1996) BioEssays 18(5): 427-431). 

The sequences of the invention may be used to design oligonucleotide primers 
which are able to amplify defined regions of one or more C. glutamicum genes by a 
nucleic acid amplification reaction such as the polymerase chain reaction. The choice 
10 and design of the 5' or 3' oligonucleotide primers or of appropriate linkers allows the 
covalent attachment of the resulting PCR products to the surface of a support medium 
described above (and also described, for example, Schena, M. et al. (1995) Science 270: 

467-470). 

Nucleic acid microarrays may also be constructed by in situ oligonucleotide 
15 synthesis as described by Wodicka, L. et al (1997) Nature Biotechnology 15: 1359- 
1 367. By photolithographic methods, precisely defined regions of the matrix are 
exposed to light. Protective groups which are photolabile are thereby activated and 
undergo nucleotide addition, whereas regions that are masked from light do not undergo 
any modification. Subsequent cycles of protection and tight activation permit the 
20 synthesis of different oligonucleotides al defined positions. Small, defined regions of 
the genes of the invention may be synthesized on microarrays by solid phase 

oligonucleotide synthesis. 

The nucleic acid molecules of the invention present in a sample or mixture of 

nucleotides may be hybridized to the microarrays. These nucleic acid molecules can be 
25 labeled according to standard methods. In brief, nucleic acid molecules {e.g., mRNA 

molecules or DNA molecules) are labeled by the incorporation of isotopically or 

fluorescently labeled nucleotides, e.g., during reverse transcription or DNA synthesis. 

Hybridization of labeled nucleic acids to microarrays is described {e.g., in Schena, M. et 

al. (1995) supra, Wodicka, L. et al. (1997), supra; and DeSaizieu A et al. (1998X 
30 supra). The detection and quantification of the hybridized molecule are tailored to the 

specific incorporated label. Radioactive labels can be detected, for example, as 
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described in Schena, M. et al. (1995) supra) and fluorescent labels may be detected, for 
example, by the method of Shalon et al. (1996) Genome Research 6: 639-645). 

The application of the sequences of the invention to DNA microarray 
technology, as described above, permits comparative analyses of different strains of C. 

5 glutamicum or other Corynebacteria. For example, studies of inter-strain variations 
based on individual transcript profiles and the identification of genes that are important 
for specific and/or desired strain properties such as pathogenicity, productivity and 
stress tolerance are facilitated by nucleic acid array methodologies. Also, comparisons 
of the profile of expression of genes of the invention during the course of a fermentation 

1 0 reaction are possible using nucleic acid array technology. 

Example 13: Analysis of the Dynamics of Cellular Protein Populations 
(Proteomics) 

The genes, compositions, and methods of the invention may be applied to study 
1 5 the interactions and dynamics of populations of proteins, termed 'proteomics' . Protein 
populations of interest include, but are not limited to, the total protein population of C 
glutamicum {e.g., in comparison with the protein populations of other organisms), those 
proteins which are active under specific environmental or metabolic conditions (e.g., 
during fermentation, at high or low temperature, or at high or low pH), or those proteins 
20 which are active during specific phases of growth and development. 

Protein populations can be analyzed by various well-known techniques, such as 
gel electrophoresis. Cellular proteins may be obtained, for example, by lysis or 
extraction, and may be separated from one another using a variety of electrophoretic 
techniques. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
25 separates proteins largely on the basis of their molecular weight, isoelectric focusing 
polyacrylamide gel electrophoresis (IEF-PAGE) separates proteins by their isoelectric 
point (which reflects not only the amino acid sequence but also posttranslational 
modifications of the protein). Another, more preferred method of protein analysis is the 
consecutive combination of both IEF-PAGE and SDS-PAGE, known as 2-D-gel 
30 electrophoresis (described, for example, in Hermann et al. (1998) Electrophoresis 19: 
3217-3221; Fountoulakis et al. (1998) Electrophoresis 19: 1 193-1202; Langen etal. 
(1997) Electrophoresis 18: 1 184-1 192; Antelmann et al (1997) Electrophoresis 18: 
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1451-1463). Other separation techniques may also be utilized for protein separation, 
such as capillary gel electrophoresis; such techniques are well known in the art- 
Proteins separated by these methodologies can be visualized by standard 
techniques, such as by staining or labeling. Suitable stains are known in the art, and 
5 include Coomassie Brilliant Blue, silver stain, or fluorescent dyes such as Sypro Ruby 
(Molecular Probes). The inclusion of radioactively labeled amino acids or other protein 
precursors (e g., "S-methionine, 35 S-cysteine, ,4 C-labelled amino acids, ,5 N-amino 
acids, 15 N03 or 1S NH/ or ,3 C-labelled amino acids) in the medium of C. glutamicum 
permits the labeling of proteins from these cells prior to their separation. Similarly. 
10 fluorescent labels may be employed. These labeled proteins can be extracted, isolated 
and separated according to the previously described techniques. 

Proteins visualized by these techniques can be further analyzed by measuring the 
amount of dye or label used. The amount of a given protein can be determined 
quantitatively using, for example, optical methods and can be compared to the amount 
15 ofother proteins in the same gel or in other gels. Comparisons of proteins on gels can 
be made, for example, by optical comparison, by spectroscopy, by image scanning and 
analysis of gels, or through the use of photographic films and screens. Such techniques 

are well-known in the art. 

To determine the identity of any given protein, direct sequencing or other 
20 standard techniques may be employed. For example, N- and/or C-lerminal amino acid 
sequencing (such as Edman degradation) may be used, as may mass spectrometry (in 
particular MALDI or ESI techniques (see, e.g., Langen et al. (1997) Electrophoresis 18: 
1 184-1 192)). The protein sequences provided herein can be used for the identification 
of C. glutamicum proteins by these techniques. 
25 The information obtained by these methods can be used to compare patterns of 

protein presence, activity, or modification between different samples from various 
biological conditions {e.g., different organisms, time points of fermentation, media 
conditions, or different biotopes, among others). Data obtained from such experiments 
alone, or in combination with other techniques, can be used for various applications, 
30 such as to compare the behavior of various organisms in a given (e.g. , metabolic) 
situation, to increase the productivity of strains which produce fine chemicals or to 
increase the efficiency of the production of fine chemicals. 
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Equivalents 

Those of ordinary skill in the art will recognize, or will be able to ascertain using 
no more than routine experimentation, many equivalents to the specific embodiments of 
the invention described herein. Such equivalents are intended to be encompassed by the 



following claims. 
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What is claimed: 

1 An isolated nucleic acid molecule from Corynebacterium glutamicum encoding an 
SMP protein, or a portion thereof, provided that the nucleic acid molecule does not 
consist of any of the F-designated genes set forth in Table 1 . 

2. The isolated nucleic acid molecule of claim 1 , wherein said nucleic acid molecule 
encodes an SMP protein involved in the production of a fine chemical. 

3. An isolated Corynebacterium glutamicum nucleic acid molecule selected from the 
group consisting of those sequences set forth as odd-numbered SEQ ID NOs of the 
Sequence Listing, or a portion thereof, provided that the nucleic acid molecule does 
not consist of any of the F-designated genes set forth in Table 1. 

4. An isolated nucleic acid molecule which encodes a polypeptide sequence selected 
from the group consisting of those sequences set forth as even-numbered SEQ ID 
NOs of the Sequence Listing,, provided that the nucleic acid molecule does not 
consist of any of the F-designated genes set forth in Table 1 . 



5. An isolated nucleic acid molecule which encodes a naturally occurring allelic variant 
of a polypeptide selected from the group of amino acid sequences consisting of those 
sequences set forth in as even-numbered SEQ ID NOs of the Sequence Listing, 
provided that the nucleic acid molecule does not consist of any of the F-designated 

25 genes set forth in Table 1 . 

6. An isolated nucleic acid molecule comprising a nucleotide sequence which is at least 
50% homologous to a nucleotide sequence selected from the group consisting of 
those sequences set forth as odd-numbered SEQ ID NOs of the Sequence Listing, or 

30 a portion thereof, provided that the nucleic acid molecule does not consist of any of 
the F-designated genes set forth in Table 1 . 
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1. An isolated nucleic acid molecule comprising a fragment of at least 1 5 nucleotides 
of a nucleic acid comprising a nucleotide sequence selected from the group 
consisting of those sequences set forth as odd-numbered SEQ ID NOs of the 
Sequence Listing, provided that the nucleic acid molecule does not consist of any of 
5 the F-designated genes set forth in Table 1 . 

8. An isolated nucleic acid molecule which hybridizes to the nucleic acid molecule of 
any one of claims 1-7 under stringent conditions. 



10 



15 



9. An isolated nucleic acid molecule comprising the nucleic acid molecule of any one 
of claims 1-8 or a portion thereof and a nucleotide sequence encoding a heterologous 
polypeptide. 



10 



. A vector comprising the nucleic acid molecule of any one of claims 1-9. 



1 1 . The vector of claim 1 0, which is an expression vector. 



12. A host cell transfected with the expression vector of claim 1 1 . 
20 13- The host cell of claim 12, wherein said cell is a microorganism. 

14. The host cell of claim 13, wherein said cell belongs to the genus Corynebacterium 
or Brevibacterium. 

25 1 5. The host cell of claim 12, wherein the expression of said nucleic acid molecule 
results in the modulation in production of a fine chemical from said cell. 

16. The host cell of claim 15, wherein said fine chemical is selected from the group 

consisting of: organic acids, proteinogenic and nonproteinogenic amino acids, purine 
30 and pyrimidine bases, nucleosides, nucleotides, lipids, saturated and unsaturated 
fatty acids, diols, carbohydrates, aromatic compounds, vitamins, cofactors, 
polyketides, and enzymes. 



»-• 
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17. A method of producing a polypeptide comprising culturing the host cell of claim 12 
in an appropriate culture medium to, thereby, produce the polypeptide. 

5 1 8. An isolated SMP polypeptide from Coryne bacterium glutamicum, or a portion 
thereof. 

19. The polypeptide of claim 18, wherein said polypeptide is involved in the production 
of a fine chemical. 

10 

20. An isolated polypeptide comprising an amino acid sequence selected from the group 
consisting of those sequences set forth as even-numbered SEQ ID NOs of the 
Sequence Listing, provided that the amino acid sequence is not encoded by any of 
the F-designated genes set forth in Table 1 ., 

21. An isolated polypeptide comprising a naturally occurring allelic variant of a 
polypeptide comprising an amino acid sequence selected from the group consisting 
of those sequences set forth as even-numbered SEQ ID NOs of the Sequence 
Listing, or a portion thereof, provided that the amino acid sequence is not encoded 
by any of the F-designaled genes set forth in Table 1 . 

22. The isolated polypeptide of any of claims 18-21 , further comprising heterologous 

amino acid sequences. 

25 23. An isolated polypeptide which is encoded by a nucleic acid molecule comprising a 
nucleotide sequence which is at least 50% homologous to a nucleic acid selected 
from the group consisting of those sequences set forth as odd-numbered SEQ ID 
NOs of the Sequence Listing, provided that the nucleic acid molecule does not 
consist of any of the F-designated nucleic acid molecules set forth in Table 1 . 



15 



20 
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24. An isolated polypeptide comprising an amino acid sequence which is at least 50% 
homologous to an amino acid sequence selected from the group consisting of those 
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sequences as even-numbered SEQ ID NOs of the Sequence Listing, provided that 
the amino acid sequence is not encoded by any of the F-designated genes set forth in 
Table 1. 

5 25. A method for producing a fine chemical, comprising culturing a cell containing a 
vector of claim 12 such that the fine chemical is produced. 

26. The method of claim 25, wherein said method further comprises the step of 
recovering the fine chemical from said culture. 



10 



27. The method of claim 25, wherein said method further comprises the step of 

transfecting said cell with the vector of claim 1 1 to result in a cell containing said 



vector. 



15 28. The method of claim 25, wherein said cell belongs to the genus Corynebacterium or 
Brevihacterium. 

29. The method of claim 25, wherein said cell is selected from the group consisting of: 
Corynebacterium glutamicum. Corynebacterium hercuiis. Corynebacterium, lilium, 

20 Corynebacterium acetoacidophilum, Corynebacterium acetoglutamicum. 

Corynebacterium acetophilum, Corynebacterium ammoniagenes, Corynebacterium 
jujiokense, Corynebacterium nitrilophilus. Brevtbacterium ammoniagenes. 
Brevihacterium butanicum. Brevihacterium divaricatum. Brevihacterium flavum. 
Brevihacterium healii. Brevihacterium ketoglulamicum. Brevihacterium 

25 ketosoreductum. Brevihacterium lactofermentum. Brevihacterium linens. 
Brevihacterium parqffinofyticum. and those strains set forth in Table 3. 

30. The method of claim 25, wherein expression of the nucleic acid molecule from said 
vector results in modulation of production of said fine chemical. 



30 



31 . The method of claim 25, wherein said fine chemical is selected from the group 

consisting of: organic acids, proteinogenic and nonproteinogenic amino acids, purine 
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and pyrimidine bases, nucleosides, nucleotides, lipids, saturated and unsaturated 
fatty acids, diols, carbohydrates, aromatic compounds, vitamins, cofactors, 
polyketides, and enzymes. 

5 32. The method of claim 25, wherein said fine chemical is an amino acid. 

33. The method of claim 32, wherein said amino acid is drawn from the group consisting 
of: lysine, glutamate, glutamine, alanine, aspartate, glycine, serine, threonine, 
methionine, cysteine, valine, leucine, isoleucine, arginine, proline, histidine, 

10 tyrosine, phenylalanine, and tryptophan. 

34. A method for producing a fine chemical, comprising culturing a cell whose genomic 
DNA has been altered by the inclusion of a nucleic acid molecule of any one of 
claims 1-9. 

15 

35. A method for diagnosing the presence or activity of Coryne bacterium 
diphthenae in a subject, comprising detecting the presence of one or more of SEQ ID 
NOs 1 through 782 of the Sequence Listing in the subject, provided that the sequences 
are not or are not encoded by any of the F-designated sequences set forth in Table 1 , 

20 thereby diagnosing the presence or activity of Corynebacterium diphtheriae in the 
subject. 

36. A host cell comprising a nucleic acid molecule selected from the group 
consisting of the nucleic acid molecules set forth as odd-numbered SEQ ID NOs of the 

25 Sequence Listing, wherein the nucleic acid molecule is disrupted. 

35. 37. A host cell comprising a nucleic acid molecule selected from the group 

consisting of the nucleic acid molecules set forth as odd-numbered SEQ ID NOs in 
the Sequence Listing, wherein the nucleic acid molecule comprises one or more 
30 nucleic acid modifications from the sequence set forth as odd-numbered SEQ ID 
NOs of the Sequence Listing s. 
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38. A host cell comprising a nucleic acid molecule selected from the group 
consisting of the nucleic acid molecules set forth as odd-numbered SEQ ID NOs of the 
Sequence Listing, wherein the regulatory region of the nucleic acid molecule is modified 
5 relative to the wild-type regulatory region of the molecule. 
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Thr Asp Ser Ser Val Ala Pro Pro 
290 295 

Asn Arg Arg Val Lys Lys Ala Arg 
305 310 

Ala Ala Asn Val Leu Val Val Ser 

325 

Met Arg Gin Ala Leu Asp Ala Gly 

340 

Leu Asp Leu Ala Ser Leu Ser lie 
355 360 

Thr Cys Val Arg Leu Phe Asn Asp 
370 375 



Gly Gly Glu Ser Leu Gin Thr Val 

300 

Glu Ser Leu Gin Arg Glu Tyr Gly 
315 320 

His Val Thr Pro lie Lys Ala lie 
330 335 

Pro Ser Phe Phe Gin Lys Ala His 
345 350 

Ala Glu Phe Tyr Glu Asp Gly Pro 

365 

Thr Ser His Leu Glu Ala 

380 
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<210> 47 
<211> 840 
<212> DNA 

<213> Corynebacterium glutamicuro 

<220> 
<221> CDS 
<222> (101) . - (817) 
<223> RXA02492 

gctgtaclac gacgctattg ccaacgaaaa tgtcgacggt gaaacgcatc acggctaagt 60 

aaacgcgcgt cgtggaacat aaagtggcaa actagtacct atg act: aac gga aaa 
y y y ^ ^ Met Thr Asn Gly Lys 

1 5 

ttg att ctt ctt cgt cac ggt cag age gaa tgg aac gca tec aac cag 
Leu He Leu Leu Arg His Gly Gin Ser Glu Trp Asn Ala Ser Asn Gin 

10 15 20 

ttc act aga tgg gtc gac gtc aat ctg acc gaa cag ggt gag get gag 
Phe ?hr ClJ Tr? Val Lp Val Asn Leu Thr Glu Gin Gly Glu Ala Glu 

25 30 35 

gee aaa ggc gtc etc cca ggc gtt gta tac acc tec ttg ctg cgt cgc 
Ala Lys Gly Val Leu Pro Gly Val Val Tyr Thx Ser Leu Leu Arg Arg 
40 45 50 

gcg ate cgc act gca aac ate gca ctg aac get gca gac cgc cac tgg 
Ala He Arg Thr Ala Asn He Ala Leu Asn Ala Ala Asp Arg His Trp 
55 60 65 

ate cca gtg ate cgc gac tgg cgc etc aac gag cgt cac tac ggc gca 
lie Pro val He Arg Asp Trp Arg Leu Asn Glu Arg His Tyr Gly Ala 
70 75 80 85 

ctg cag ggc ctt gac aag get gca acc aag gaa aaa tac ggc gac gac 4 03 
Leu Gin Gly Leu Asp Lys Ala Ala Thr Lys Glu Lys Tyr Gly Asp Asp 

90 95 100 
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Met Thr Asn 
1 


Gly 


Lys 
5 


Leu 


lie 


Leu 


Leu 


Arg 
10 


His 


Gly 


Gin 


Ser 


Glu 
15 


Trp 




Asn 


Ala 


Ser 


Asn 
20 


Gin 


Phe 


Thr 


Gly 


Trp 
25 


Val 


Asp 


Val 


Asn 


Leu 
30 


Thr 


Glu 




Gin 


Gly 


Glu 
35 


Ala 


Glu 


Ala 


Lys 


Gly 
40 


Val 


Leu 


Pro 


Gly 


Val 
45 


Val 


Tyr 


Thr 




Ser 


Leu 
50 


Leu 


Arg 


Arg 


Ala 


He 

55 


Arg 


Thr 


Ala 


Asn 


He 
60 


Ala 


Leu 


Asn 


Ala 




Ala 
65 


ASp 


Arg 


His 


Trp 


He 
70 


Pro 


Val 


lie 


Arg 


Asp 

75 


Trp 


Arg 


Leu 


Asn 


Glu 
80 




Arg 


His 


Tyr 


Gly 


Ala 


Leu 


Gin 


Gly 


Leu 


Asp 


Lys 


Ala 


Ala 


Thr 


Lys 


Glu 





69 



WO 01/00844 



PCT/IB00/00943 



Lys Tyr Gly Asp 

100 

Pro Pro Pro Glu 
115 

Pro Arg Tyr Ala 
130 

Asp Val Val Val 
145 

Arg Ala Lys Lys 



Leu Arg Ala Leu 

180 

Ala Glu Leu Asn 
195 



85 

Asp Gin Phe Met 



Leu Ala Asp Asp 

120 

Asp Leu Asp Val 
135 

Arg Phe Val Pro 
150 

Gly Glu Thr Val 
165 

Val Lys His Leu 



lie Pro Thr Gly 

200 



90. 

Glu Trp Arg Arg 
105 

Ala Glu Tyr Ser 



Val Pro Arg Thr 

140 

Tyr Phe Glu Glu 
155 

Leu lie Ala Ala 
170 

Asp Gly lie Ser 
185 

He Pro Leu Val 



95 

Ser Tyr Asp Thr 
110 

Gin Ala Asn Asp 
125 

Glu Cys Leu Lys 



Glu lie Leu Pro 

160 

His Gly Asn Ser 
175 

Asp Ala Asp lie 
190 

Tyr Glu He Ala 
205 



Glu Asp Gly Ser Val Val Asn Pro Gly Gly Thr Tyr Leu Asp Pro Glu 
210 215 220 

Ala Ala Ala Ala Gly Ala Ala Ala Val Ala Asn Gin Gly Asn Lys 
225 230 235 



<210> 49 
<211> 729 
<212> DMA 

<213> Corynebacterium glut ami cunt 

<220> 

<221> CDS 

<222> (101) . . (706) 

<223> RXA00381 

<400> 49 

aaacctggtt tgtgtcttcc get etc a egg acgatgattt ctccaagatc gagcaggcac 60 

tcaagcccgc cgcacgtgca gcagcagaag cgaaggcatc atg acg caa ace att 115 

Met Thr Gin Thr lie 

1 5 

gtc cat eta gtt cgc cac ggc gaa gtc cac aac cca gag aaa ate ctg 163 

Val His Leu Val Arg His Gly Glu Val His Asn Pro Glu Lys lie Leu 

10 15 20 

tac gga cgc atg ccc gga tac agg ttg tct tec cgt gga cgc age caa 211 
Tyr Gly Arg Met Pro Gly Tyr Arg Leu Ser Ser Arg Gly Arg Ser Gin 

25 30 35 

gec gec cgc act gca get tct ttt gaa ggc cac gat gtc acc tac att 259 
Ala Ala Arg Thr Ala Ala Ser Phe Glu Gly His Asp Val Thr Tyr lie 
40 45 50 

gcg gec tec cca ttg cag cgt gtg cag gaa acc tec gaa ccg ttc ate 307 
Ala Ala Ser Pro Leu Gin Arg Val Gin Glu Thr Ser Glu Pro Phe lie 
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